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(57) The present invention is directed to a method 
of producing a container for holding a columnar member 
in a cylindrical housing with a shock absorbent member 
wrapped around the columnar member. The method 
comprises the steps of (1) compressing at least a part 
of the absorbent member wrapped around the columnar 
member, by a pushing member in a radial direction to- 
ward the longitudinal axis, (2) measuring a pressure ap- 
plied to the absorbent member by the pushing member, 
(3) measuring a distance between the axis of the colum- 
nar member and an end of the pushing member con- 
tacting the absorbent member, when the measured 
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pressure substantially equals a predetermined target 
pressure, to provide a target radius, (4) inserting the co- 
lumnar member and the absorbent member into the 
housing loosely, and (5) reducing a diameter of the 
housing along its longitudinal axis, with the absorbent 
member being compressed, to such an extent that the 
inner radius of the housing substantially equals the tar- 
get radius, to hold the columnar member and the ab- 
sorbent member compressed at the target pressure, in 
the housing. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to a method of 
producing a container for holding a columnar member 
in a cylindrical housing, with a shock absorbent member 
wrapped around the columnar member, and more par- 
ticularly a method of producing a catalytic converter for 
holding a catalyst substrate with a shock absorbent mat 
wrapped around it in a cylindrical housing, and relates 
to an apparatus of producing the same. 

2. Description of Related Arts 

[0002] A container for holding a columnar member 
having a honeycomb structure and functioning as a fluid 
filter in a metallic cylindrical housing thorough a shock 
absorbent member has been used for a fluid treatment 
device, and provided for purifying various fluids. In an 
exhaust system of an automotive vehicle, for example, 
a catalytic converter, a diesel particulate filter (abbrevi- 
ated as DPF) and the like have been used, and 
equipped with a fragile ceramic columnar member of a 
honeycomb structure, for a catalyst substrate, filter or 
the like (hereinafter, referred to as catalyst substrate). 
The honeycomb columnar member is held in the metal- 
lic cylindrical housing thorough the shock absorbent 
member such as a ceramic mat or the like, to constitute 
the fluid treatment device, an example of which is the 
catalytic converter. In order to produce the container for 
holding the columnar member such as the catalytic con- 
verter, generally employed is such a method for wrap- 
ping the shock absorbent member around the catalyst 
substrate, and stuffing them into the cylindrical housing, 
with the shock absorbent member being compressed. 
[0003] For example, Japanese Patent Laid-open 
Publication No.2001 -355438 proposes a method of pro- 
ducing a catalytic converter, by measuring the outer di- 
ameter of a catalyst substrate, when the catalyst sub- 
strate with a holding material mounted around its periph- 
ery is stuffed (pressed) into a holding cylinder, and then 
stuffing the catalyst substrate with the holding material 
mounted thereon into the holding cylinder with its inner 
diameter adapted for the measured outer diameter. Al- 
so, it is proposed to measure the outer diameter of the 
holding material mounted on the catalyst substrate, and 
stuff the catalyst substrate with the holding material 
mounted thereon into the holding cylinder with its inner 
diameter adapted for the measured outer diameter. Fur- 
thermore, it is proposed to measure the outer diameter 
of the holding material in such a state that a certain pres- 
sure is applied to the holding material. It is also proposed 
to select a holding cylinder having a proper inner diam- 
eter, out of a plurality of holding cylinders with various 
inner diameters different from one another, which were 



provided in advance. 

[0004] In contrast, it is proposed such a method called 
as "sizing" or "calibrating", wherein after the catalyst 
substrate and a shock absorbent mat mounted thereon 

5 were inserted into a cylindrical member, the diameter of 
the cylindrical member is reduced until the shock ab- 
sorbent mat will be compressed to the most appropriate 
compressed amount, as disclosed in Japanese Patent 
Laid-open Publication Nos.64-60711 , 8-42333, 

10 9-170424, 9-234377, U.S. Patent Nos.5,329,698, 
5,755,025, 6,389,693, and European Patent Publication 
No.EP09B2480A2andso on. Among them, in Japanese 
Patent Laid-open Publication No. 9-234377, it is pro- 
posed to reduce a casing along its entire longitudinal 

15 length, in order to solve a problem in its prior art as dis- 
closed in Japanese Patent Laid-open Publication No. 
2-268834. In the former Publication, it is stated about 
the latter Publication that there is disclosed a catalytic 
converter with a central portion of a tubular body re- 

20 duced in diameter to form a compressed portion, and 
compress a support mat to support a ceramic honey- 
comb body in the casing. And, it is stated in the former 
Publication that the above problem will be caused, as a 
clearance between the outer circumference of the hon- 

25 eycomb body and the inner circumference of the casing 
is large in a direction from an end of the compressed 
portion toward cone portions which are not reduced in 
diameter. 

[0005] In the U.S. Patent No.5,755,025, a process for 

30 manufacturing catalytic converters is proposed, as de- 
scribed in its abstract, by pushing monoliths and a sur- 
rounding support jacket into prefabricated tubes, whose 
cross section essentially corresponds to the profile of 
the monolith plus an addition for the support jacket. In 

35 the abstract, it is described that the dimensions of the 
tube (housing) are adapted to a constant gap(s) from 
the monolith by sizing (calibrating) the prefabricated 
tubes which initially have a smaller cross section. Thus, 
substantially the same process as stuffing the substrate 

40 and mat into the housing as described before has been 
employed. Furthermore, in the U.S. Patent No. 
6,389,693, a method of manufacturing a catalytic con- 
verter is proposed, by resizing a container over substan- 
tially the entire portion of its length which is occupied by 

45 the wrapped substrate to a predetermined metal shell/ 
container outside diameter (OD). The predetermined 
outside diameter is characterized by the equation 
OD=D+2T1+2T2, wherein "D B is a diameter measure of 
the substrate, T1" is the supporting mat target thick- 

50 ness and "T2" is a container wall thickness measure. 
Likewise, in the European Patent Publication No. 
EP0982480A2, it is described in its abstract that the sub- 
sequent to loading a mat and substrate into a can, the 
measurement of the substrate is used to direct the de- 

55 gree to which the can is reduced in outside dimension 
such that a selected annulus is created between the 
substrate and can, the annulus being occupied by the 
mat. 
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[0006] With respect to Japanese Patent Laid-open 
Publication No.2000-45762 cited in Japanese Patent 
Laid-open Publication No.200 1-355438, a method for 
reducing a cylindrical member by a spinning process. 
Furthermore, there is disclosed in Japanese Patent 
Laid-open Publication No.2001 -107725, a method for 
producing a catalytic converter by reducing a diameter 
of a cylindrical member with a shock absorbent member 
held therein to hold a substrate catalyst, according to a 
spinning process using a plurality of spinning rollers re- 
volved about the cylindrical member. As for a necking 
process applied to an end portion of the cylindrical mem- 
ber, an offset spinning process is disclosed in Japanese 
Patent No.2957153, and an oblique spinning process is 
disclosed in Japanese Patent No.29571 54. And, a spin- 
ning apparatus is disclosed in Japanese Patent Laid- 
open Publication No.2001 -137962. 
[0007] In the Japanese Patent Laid-open Publication 
No.2001 -355438 as described above, it is described 
that it is preferable to measure the outer diameter of the 
holding material, in such a state that the holding material 
3 is applied with the same pressure (holding pressure) 
as the pressure which will be applied to the holding ma- 
terial 3 when the catalyst substrate 2 is stuffed into 
(pressed into) the holding cylinder 1 . According to the 
method as described above, however, it is impossible 
to estimate the pressure which will be applied to the 
holding material in the later process, and no explanation 
about this matter has been described. Therefore, the 
above description that the holding material 3 is applied 
with the same pressure as the pressure which will be 
applied to the holding material 3 when the catalyst sub- 
strate 2 is pressed into the holding cylinder 1 , is merely 
a desire or hope, and nothing is disclosed to show that 
it will be possibly realized. In addition, it is described that 
as for a base member of the holding cylinder 1 , used is 
the one having its inner diameter which will enable to 
have the stuffed holding material 3 apply the appropriate 
pressure to the catalyst substrate 2. It is also stated that 
it can be achieved to select the one having the appro- 
priate inner diameter, out of a plurality of base members 
having different inner diameters form one another pre- 
pared in advance. Therefore, it is apparent that the hold- 
ing cylinder 1 is not the one having its inner diameter to 
be adjusted in accordance with the result of the meas- 
urement of the outer diameter of the holding material 3, 
in the state that the holding material 3 is applied with the 
same pressure as the pressure which will be applied to 
the holding material 3 when stuffed into the holding cyl- 
inder 1, which measurement can not be made in fact, 
as described above. After all, it is not clear in the Japa- 
nese Patent Laid-open Publication No.2001 -355438, 
how the outer diameter of the holding material 3 is meas- 
ured, in what state the pressure applied to it, nor how 
and what type of the measured result is used. 
[0008] On the contrary, according to the conventional 
method by the stuffing process, on the basis of density 
of a shock absorbent mat served as the shock absorbent 



member, which is called as GBD (abbreviation of gap 
bulk density), an annular clearance between the outer 
diameter of the catalyst substrate and the inner diameter 
of the cylindrical housing is determined, in general. The 

s GBD is the value obtained from [weight per unit area / 
bulk gap]. According to the bulk density of the shock ab- 
sorbent mat, pressure (Pascal) is created to hold the 
catalyst substrate. The pressure has to be adjusted to 
a value which will not exceed the strength of the catalyst 

w substrate, and to a value which is capable of holding the 
catalyst substrate applied with vibration and exhaust 
gas pressure not to be moved in the cylindrical housing. 
Therefore, the shock absorbent member (shock absorb- 
ent mat) is required to be stuffed to create the GBD with- 

15 in a predetermined design range, and the GBD is re- 
quired to be maintained for a life cycle of the product. 
[0009] According to the conventional method by the 
stuffing process as described above, however, an error 
in the outer diameter of the catalyst substrate necessar- 

20 iiy caused when producing it, an error in the inner diam- 
eter of the cylindrical housing, and an error in weight per 
unit area of the shock absorbent mat disposed between 
them are added to create an error in GBD. Therefore, it 
can not be a practical solution for mass-production to 

25 fjnd a combination of each member adapted to minimize 
the error in GBD. Furthermore, the GBD itself is varied 
depending upon the property or individual difference of 
the shock absorbent mat. And, the GBD relies on the 
value measured on a flat plane, so that it does not indi- 

30 cate the value measured in the case where the shock 
absorbent mat is tightly wrapped around the catalyst 
substrate. Accordingly, it has been desired to stuff the 
catalyst substrate properly into the cylindrical housing, 
without relying on the GBD. 

35 [0010] On the contrary, according to the conventional 
sizing method, it is proposed to measure the outer di- 
ameter of the catalyst substrate and the inner diameter 
of the cylindrical housing in advance, to determine an 
appropriate compression amount for the shock absorb- 

40 ent member, and then reduce the diameter by the de- 
termined compression amount. However, it is difficult to 
determine whether the final compression amount is ap- 
propriate or not, because the errors of each catalyst sub- 
strate and each shock absorbent member are added, 

45 and the thickness of each shock absorbent member 
wrapped around each catalyst substrate is varied. In ad- 
dition, the difficulty is resulted from the fact that when 
reducing the diameter of the metallic cylindrical mem- 
ber, it is required to reduce the diameter slightly smaller 

so than a target diameter (so called overshooting), in view 
of a spring back of the cylindrical member. As a result, 
excessive compression force might be created. Also, 
the difficulty is resulted from the fact that when reducing 
the diameter of the metallic cylindrical member, una- 

55 voidable change in thickness of its wall is caused, i.e., 
the wall thickness is increased when reducing the diam- 
eter. Consequently, it is so difficult to determine a true 
inner diameter (position of inner wall surface), i.e., ac- 
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curate reducing amount, that the mass-production can 
not be realized. 

[0011] In order to solve the problem caused by the 
overshooting or the like as described above, such a 
method for measuring the outer diameter of the catalyst 
substrate in advance, and reducing the diameter of the 
housing on the basis of the compression amount or tar- 
get thickness of the shock absorbent mat has been pro- 
posed, in the U.S. Patent Nos.5,755,025, 6,389,693 and 
European Patent Publication No. EP 0982480 A2 as cited 
before. However, nothing is considered about the vari- 
ous errors caused with respect to the shock absorbent 
mat including the error in weight per unit area of the 
shock absorbent mat as described before. Therefore, 
the ultimate problem about the error in pressure applied 
to the catalyst substrate can not be avoided, as will be 
explained in detail hereinafter. At the outset, with re- 
spect to a holding force for holding the catalyst substrate 
in a predetermined position within the cylindrical hous- 
ing, the holding force in a radial direction of the cylindri- 
cal housing corresponds to the pressure reproduction 
force of the shock absorbent member acting on the outer 
surface of the catalyst substrate and the inner surface 
of the cylindrical housing, in a direction perpendicular to 
those surfaces. On the other hand, with respect to the 
cylindrical housing fixed to the exhaust system for the 
automotive vehicle, for example, the catalyst substrate 
and shock absorbent member are applied with force in 
their axial directions, due to vibration or exhaust gas 
pressure. In opposition to the axial force, a holding force 
is required for them in the axial (longitudinal) direction 
of the cylindrical housing, which holding force is created 
by first frictional force between the shock absorbent 
member and the catalyst substrate, and second friction- 
al force between the shock absorbent member and the 
cylindrical housing. 

[0012] The first and second frictional forces are indi- 
cated by the product of multiplying the pressure repro- 
duction force of the shock absorbent member and the 
static coefficient of friction between the shock absorbent 
member and the outer surface of the catalyst substrate, 
and the product of multiplying the pressure reproduction 
force of the shock absorbent member and the static co- 
efficient of friction between the shock absorbent mem- 
ber and the inner surface of the cylindrical housing, re- 
spectively. In this respect, as for the holding force in the 
axial (longitudinal) direction of the cylindrical housing, 
the frictional force between the shock absorbent mem- 
ber and the remaining one with the smaller coefficient 
of friction is dominant. With respect to the catalyst sub- 
strate and cylindrical housing with known static coeffi- 
cients of friction, therefore, frictional forces are made 
clear. In order to ensure the requisite frictional forces, it 
is required to increase the pressure applied to the shock 
absorbent member. In the case where the catalyst sub- 
strate is fragile, it is required to ensure the axial holding 
force within the pressure limit to the shock absorbent 
member, to avoid excessive radial load applied to the 



catalyst substrate. 

[0013] Accordingly, it is preferable to determine the 
pressure applied to the shock absorbent member, on the 
basis of the one with the smaller static coefficient of f ric- 
5 tion, out of the static coefficient of friction of the outer 
surface of the catalyst substrate and the static coeffi- 
cient of friction of the inner surface of the cylindrical 
housing, and reduce the diameter of the cylindrical 
housing. In other words, when holding the catalyst sub- 
strate in the cylindrical housing with the shock absorbent 
member disposed between them, most appropriate pa- 
rameter is the pressure (Pascal) applied to the catalyst 
substrate (or, filter) through the shock absorbent mem- 
ber (shock absorbent mat). If it is possible to measure 
the pressure directly, or measure a value directly corre- 
sponding to or similar to the pressure, and reduce the 
diameter of the cylindrical housing on the basis of one 
of the measured results, then it is possible to reduce the 
diameter of the cylindrical housing by a sizing process, 
with satisfactory accuracy. The sizing process is meant 
by reducing the diameter of the cylindrical housing, con- 
trolling the reduced amount, and distinguished by mere 
shrinking process for simply reducing the diameter of 
pipe, which may be fallen within the same category as 
that in the sizing process in terms of the process for re- 
ducing the diameter of the cylindrical housing. 
[0014] On the contrary, in the prior methods, generally 
employed is a control on the basis of the GBD of shock 
absorbent member (mat) as described before, so that a 
control through an estimation on the basis of a substi- 
tuted value has been employed. Therefore, those esti- 
mated factors are added together to cause the unavoid- 
able error. Also, the holding force that is caused by the 
frictional force between the shock absorbent member 
and catalyst substrate, and the holding force that is 
caused by the frictional force between the shock absorb- 
ent member and cylindrical housing, are eventually con- 
fused with each other, to determine the dimensions of 
each parts. In the measurement as described in the Jap- 
anese Patent Laid-open Publication No. 2001 -355438 
as described before, the estimated factors for the fol- 
lowing processes are necessarily added together to 
cause the error, against which countermeasures will be 
required. 

[0015] Especially, in the filed of the catalytic converter, 
it is desirable that the pressure of the shock absorbent 
mat is made as strong as possible, and applied uniform- 
ly in the peripheral and axial directions, in view of the 
variation or aged change in pressure resulted from the 
error in the outer diameter of the catalyst substrate, or 
the pressure (whose minimum pressure is indicated by 
a) for preventing the catalyst substrate from moving in 
the axial direction of the catalyst substrate due to vari- 
ous accelerations when in use. If the compression force 
is provided to be excessive so as to satisfy the desire 
as described above, the catalyst substrate might be 
fractured, so that the pressure can not be made greater 
than a predetermined pressure. The pressure that is ap- 
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plied when the catalyst substrate is fractured, is called 
as isostatic strength p. Furthermore, in response to re : 
cent requirement ot further improvement in exhaust pu- 
rifying performance, further reduction in wall thickness 
has been required, so that the catalyst substrate is get- 
ting much more fragile than the prior catalyst substrates, 
i.e., large reduction in p, a range for allowing the holding 
force to be set, which can be indicated by a fracture mar- 
gin to the pressure (p — a), will be further narrowed. 
[0016] Furthermore, increase in temperature of the 
exhaust gas (temperature of the gas fed into the cata- 
lytic converter) will be caused to reach approximately 
900 degrees centigrade, so that it is required to combine 
the shock absorbent mat with alumina mat having a high 
temperature resistance. However, as the alumina mat 
does not have thermal expansion property, it is difficult 
to conform the alumina mat to a change in shape of the 
metallic container having thermal expansion property. 
In view of this, the minimum pressure a is required to 
be set larger than that set for the conventional process, 
and the bulk density of the shock absorbent mat is re- 
quired to be set relatively large. Recently, therefore, it is 
likely that the reduction in p and increase in a will result 
in a large reduction in the pressure allowance range 
(p — a), which will be described later in detail with refer- 
ence to FIG.28. In other words, accurate determination 
of the pressure is requisite for each product, to result in 
difficulty in mass-production of the catalytic converter. 
In addition, recent progress in narrowing the wall thick- 
ness of the catalyst substrate for use in the catalytic con- 
verter causes the pressure allowance range (P — a) to 
be approximately half of the prior range, and it is esti- 
mated that further narrowing the wall thickness will 
cause It to be approximately half of the present range. 
As can be seen from those narrow ranges, it is apparent 
that it will be very difficult to fit such thin wall catalyst 
substrate into the cylindrical housing by means of the 
prior stuff ing process or the like, maintaining the appro- 
priate pressure to be applied. 

SUMMARY OF THE INVENTION 

[001 7] Accordingly, it is an object of the present inven- 
tion to provide a method and an apparatus of producing 
a container for holding a columnar member in a cylindri- 
cal housing, with a shock absorbent member wrapped 
around the columnar member.to achieve an appropriate 
sizing process to the cylindrical housing on the basis of 
the pressure applied to the columnar member by a com- 
pression reproduction force of the compressed shock 
absorbent member thereby to hold the columnar mem- 
ber with the shock absorbent member wrapped around 
it in the cylindrical housing, appropriately 
[0018] And, it is another object of the present inven- 
tion to provide a method and an apparatus capable of 
producing a container for holding a columnar member 
in a cylindrical housing, properly adjusted to a change 
in wall thickness and spring back of the cylindrical hous- 



ing, which are resulted from reducing a diameter of the 
cylindrical housing when sizing it. 
[001 9] In accomplishing the above and other objects, 
the method comprises the steps of (1) compressing at 
5 least a part of the shock absorbent member wrapped 
around the columnar member, by a pushing member in 
a radial direction toward a longitudinal axis of the colum- 
nar member, (2) measuring a pressure applied to the 
shock absorbent member by the pushing member, (3) 
10 measuring a distance between the axis of the columnar 
member and an end of the pushing member contacting 
the shock absorbent member, when the measured pres- 
sure substantially equals a predetermined target pres- 
sure, to provide a target radius, (4) inserting the colum- 
ns nar member with the shock absorbent member wrapped 
around the columnar member, into the cylindrical hous- 
ing loosely, and (5) reducing a diameter of at least a part 
of the cylindrical housing with the shock absorbent 
member held therein along the longitudinal axis of the 
20 cylindrical housing, with the shock absorbent member 
being compressed, to such an extent that the inner ra- 
dius of the part of the cylindrical housing substantially 
equals the target radius, to hold the columnar member 
with the shock absorbent member wrapped around the 
25 columnar member and compressed at the target pres- 
sure, in the cylindrical housing. 

[0020] In the method as described above, preferably, 
the target pressure is determined on the basis of a static 
coefficient of friction of the outer surface of the columnar 
30 member, and a static coefficient of friction of the inner 
surface of the cylindrical housing, and pushing force of 
the pushing member applied to the shock absorbent 
member. 

[0021] In the method as described above, a plurality 
35 of pushing members may be placed around the periph- 
ery of the columnar member in parallel with the longitu- 
dinal axis thereof, and at least one of the pushing mem- 
bers may compress the shock absorbent member 
wrapped around the columnar member in the radial di- 
40 rection toward the longitudinal axis of the columnar 
member, to measure the pressure applied to the shock 
absorbent member 

[0022] Preferably, the plurality of pushing members 
comprise a plurality of elongated members, each having 

45 a length corresponding to the part of the cylindrical 
housing with the shock absorbent member held therein, 
and wherein the plurality of elongated members are 
placed in parallel with one another around the periphery 
of the shock absorbent member wrapped around the co- 

50 lumnar member. 

[0023] In the method as described above, preferably, 
a predetermined amount of correction is provided on the 
basis of at least one of a change in diameter and a 
change in thickness of the cylindrical housing when the 

55 diameter of the cylindrical housing is reduced, and the 
reducing amount of the cylindrical housing is adjusted 
according to the amount of correction, when the diam- 
eter of the cylindrical housing with the shock absorbent 
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member held therein is reduced. 
[0024] And, the amount of correction may be provided 
by measuring a limit radius of the cylindrical housing, 
when the shock absorbent member is compressed by 
the pushing member to such an extent that the inner ra- s 
dius of at least the part of the cylindrical housing is re- 
duced to be less than the target radius and immediately 
before the columnar member will be fractured, and set- 
ting a predetermined distance less than a difference be- 
tween the limit radius and the target radius : as the 10 
amount of correction. 

[0025] As for the apparatus of producing a container 
for holding a columnar member in a cylindrical housing 
with a shock absorbent member wrapped around the co- 
lumnar member, it includes a compression device hav- *5 
ing a plurality of elongated pushing members, each hav- 
ing a length corresponding to at least a part of the cy- 
lindrical housing with the shock absorbent member held 
therein, and being placed in parallel with one another 
around the periphery of the shock absorbent member 20 
wrapped around the columnar member, and compress- 
ing at least the part of the shock absorbent member 
wrapped around the columnar member, by the pushing 
members in a radial direction toward a longitudinal axis 
of the columnar member. The apparatus further includes 25 
a measuring device for measuring a pressure applied to 
the shock absorbent member by the pushing members, 
and measuring a distance between the axis the colum- 
nar member and an end of at least one of the pushing 
members contacting the shock absorbent member, 30 
when the measured pressure substantially equals a pre- 
determined target pressure, to provide a target radius, 
and a control device for inserting the columnar member 
with the shock absorbent member wrapped around the 
columnar member into the cylindrical housing loosely, 35 
and driving the compression device to reduce a diame- 
ter of at least the part of the cylindrical housing with the 
shock absorbent member held therein along the longi- 
tudinal axis of the cylindrical housing, by the pushing 
members, to such an extent that the inner radius of the 40 
part of the cylindrical housing substantially equals the 
target radius, to hold the columnar member with the 
shock absorbent member wrapped around the colum- 
nar member and compressed at the target pressure in 
the cylindrical housing. 45 
[0026] As an embodiment of the columnar member 
container, a catalytic converter for use in an automotive 
vehicle is produced. Or, a dtesel particulate filter (DPF) 
may be produced. With respect to the catalytic convert- 
er, the columnar member corresponds to a catalyst sub- so 
strate, e:g. , the substrate of a honeycomb structure, and 
the shock absorbent member corresponds to a shock 
absorbent mat for holding the substrate. With respect to 
the DPF, the columnar member corresponds to a filter, 
and the shock absorbent member corresponds to a 55 
shock absorbent mat for holding the filter. In general, the 
substrate or filter corresponding to the columnar mem- 
ber is formed into a column with a circular cross section 



or a cylinder. According to the present invention, how- 
ever, the columnar member includes the one with a non- 
circular cross section, such as elliptic cross section, oval 
cross section or the like. In this case, a half of the mean 
value of its major axis and minor axis may be served as 
Ihe radius of the cylindrical housing according to the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The above stated object and following descrip- 
tion will become readily apparent with reference to the 
accompanying drawings, wherein like reference numer- 
als denote like elements, and in which: 

FIG. 1 is a block diagram showing an overall struc- 
ture for a method of producing a columnar member 
container, according to the present invention; 
FIG. 2 is a perspective view of a catalyst substrate 
and a shock absorbent mat wrapped around it in a 
catalytic converter as an object to be produced by 
the method according to embodiments of the 
present invention; 

FIG.3 is a front view showing a measurement proc- 
ess in the method according to an embodiment of 
the present invention; 

FIG .4 is a perspective view showing a measure- 
ment process in the method according to an em- 
bodiment of the present invention; 
FIG. 5 is a plan view showing an embodiment of a 
multipoint measuring device for use in the method 
according to an embodiment of the present inven- 
tion; 

FIG. 6 is a front view showing an embodiment of a 
multipoint measuring device for use in the method 
according to an embodiment of the present inven- 
tion; 

FIG. 7 is a diagram for explaining a measurement 
process and a sizing process in the method accord- 
ing to an embodiment of the present invention; 
FIG.8 is a perspective view showing a sizing proc- 
ess in the method according to an embodiment of 
the present invention; 

FIG. 9 is a flowchart showing an example of the 
measurement. process and sizing process in the 
method according to an embodiment of the present 
invention; 

FIG. 10 is a perspective view showing a first em- 
bodiment of a shrinking device for use in a method 
for producing an exhaust gas purifying device ac- 
cording to an embodiment of the present invention; 
FIG. 1 1 is a perspective view showing a second em- 
bodiment of a shrinking device for use in a method 
for producing an exhaust gas purifying device ac- 
cording to an embodiment of the present invention; 
FIG. 12 is a sectional view showing a part of a 
shrinking device for use in the method according to 
an embodiment of the present invention; 
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FIG. 13 is a sectional view showing a measuring 
state by means of a shrinking device for use in the 
method according to another embodiment of the 
present invention; 

FIG. 14 is a sectional view showing a state of be- s 
ginning a shrinking process by means of a shrinking 
device for use in the method according to an em- 
bodiment of the present invention; 
FIG. 15 is a sectional view showing a state of fin- 
ishing a shrinking process by means of a shrinking 10 
device for use in the method according to an em- 
bodiment of the present invention; 
FIG. 1 6 is a sectional view showing a spinning proc- 
ess to an end portion in the method according to an 
embodiment of the present invention; *5 
FIG. 1 7 is a sectional view showing a spinning proc- 
ess to an end portion in the method according to 
another embodiment of the present invention; 
FIG. 1 8 is a sectional view showing a spinning proc- 
ess to an end portion having an inclined axis in the 20 
method according to an embodiment of the present 
invention; 

FIG. 1 9 is a sectional view showing a primary work- 
piece with an enlarged portion formed on one end 
of a cylindrical housing, in the method for producing 25 
a catalytic converter according to another embodi- 
ment of the present invention; 
FIG.20 is a sectional view showing a state of insert- 
ing a united product with a catalyst substrate and a 
shock absorbent mat wrapped around it into a pri- 30 
mary workpiece, in the method for producing a cat- 
alytic converter according to another embodiment 
of the present invention; 

FIG. 21 is a sectional view showing a state of shrink- 
ing a primary workpiece in a sizing process accord- 35 
ing to another embodiment of the present invention; 
FIG.22 is a sectional view showing a state of apply- 
ing a necking process by spinning rollers to an end 
portion of a secondary workpiece according to an- 
other embodiment of the present invention; 40 
FIG.23 is a sectional view enlarging a portion in the 
vicinity of the upper left end of a body portion as 
shown in FIG.22; 

FIG. 24 is a sectional view showing a state of apply- 
ing a necking process by spinning rollers to an end 45 
portion of a third workpiece with one end portion 
formed a necking portion, according to another em- 
bodiment of the present invention; 
FIG.25 is a sectional view enlarging a portion in the 
vicinity of the lower left end of a body portion as 50 
shown in FIG.24; 

FIG.26 is a side view showing an example of a fin- 
ished catalytic converter produced according to an 
embodiment of the present invention; 
FIG.27 is a side view showing another example of 55 
a finished catalytic converter produced according to 
an embodiment of the present invention; 
FIG.2B is a diagram showing a pressure allowable 



range for an example of a shock absorbent member 
in a conventional catalytic converter; and 
FIG.29 is a diagram showing an example of a result 
of an experiment for obtaining a change in diameter 
of a cylindrical housing caused by a spring back, 
from a relationship between the target radius and 
actual radius of the cylindrical housing when its di- 
ameter is reduced, in the method according to an 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0028] Referringto FIG. 1 , there is schematically illus- 
trated an overall structure for a method of producing a 
container for holding a columnar member in a cylindrical 
housing with a shock absorbent member wrapped 
around the columnar member, according to the present 
invention. As an embodiment of the method and an ap- 
paratus of producing the same, a method and an appa- 
ratus of producing a catalytic converter for use in an ex- 
haust gas purifying system will be explained later with 
reference to FIGS5-18. In FIG. 1 , at the outset, accord- 
ing to a unitizing process (U), a shock absorbent mem- 
ber (A) is wrapped around a columnar member (C), as 
indicated by (R) in FIG. 1 , which is achieved separately 
in general. With respect to a united product (indicated 
by 1 in FIG.2) with the shock absorbent member (A) 
wrapped around the columnar member (C), a measure- 
ment process (M) is achieved as follows. 
[0029] According to the measurement process (M), at 
least a part of the shock absorbent member (A) wrapped 
around the columnar member (C), is compressed by a 
pushing member (PM) as indicated by a broken line in 
FIG. 1, in a radial direction toward a longitudinal axis of 
the columnar member (C) at the compression process 
(M1). Then, the pressure (Ps) applied by the pushing 
member (PM) to the shock absorbent member (A) is 
measured in a pressure measurement process (M2). 
Furthermore, according to a distance measurement 
process (M3), a distance between the axis of the colum- 
nar member (C) and an end of the pushing member 
(PM) contacting the shock absorbent member (A), when 
the measured pressure substantially equals a predeter- 
mined target pressure (Pt), to provide a target radius 
(Rt). Although those processes (M1-M3) are shown se- 
quentially for the sake of convenience, they are 
achieved almost simultaneously, as will be described 
later with reference to FIG. 3. 

[0030] Next, the process proceeds to a sizing process 
(V), wherein according to an inserting process (V1), the 
columnar member (A) with the shock absorbent mem- 
ber (A) wrapped around the columnar member (C), is 
inserted into the cylindrical housing (T) loosely. Then, 
according to a reducing process (V2), a diameter of at 
least a part of the cylindrical housing (T) with the shock 
absorbent member (A) held therein along the longitudi- 
nal axis of the cylindrical housing (T), is reduced, with 
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the shock absorbent member (A) being compressed, to 
such an extent that the inner radius of the part of the 
cylindrical housing (T) substantially equals the target ra- 
dius (Rt), to hold the united product of the columnar 
member with the shock absorbent member (A) wrapped s 
around the columnar member (C) and compressed at 
the target pressure (Pt) ( in the cylindrical housing (T). 
Those processes (V1-V3) have been divided for the 
sake of convenience. Therefore, they are not necessar- 
ily required to be achieved separately, and they may be to 
achieved as a consecutively controlled sizing process. 
[0031] Furthermore, it may be so constituted that ac- 
cording to a correction setting process (V3), a predeter- 
mined amount of correction (ds, dt) is provided on the 
basis of at least one of a change in diameter and a 15 
change in wall thickness of the cylindrical housing (T) 
when the diameter of the cylindrical housing (T) is re- 
duced, and that the reducing amount of the cylindrical 
housing (T) is adjusted according to the amount of cor- 
rection, when the diameter of the cylindrical housing (T) 20 
with the shock absorbent member (A) held therein is re- 
duced. Consequently, in the case where the spring back 
of the cylindrical housing (T) is caused after the diameter 
of the cylindrical housing (T) was reduced, and the case 
where the wall thickness of the cylindrical housing (T) is 25 
increased when the diameter of the cylindrical housing 
(T) is reduced, the radius of the cylindrical housing (T) 
will be controlled to be less than a limit radius, to provide 
the substantially same radius as the target radius (Rt). 
[0032] In the case where the amount of correction (ds) 30 
is provided on the basis of the diameter of the cylindrical 
housing (T), according to the aforementioned measure- 
ment process (M), a limit radius of the cylindrical hous- 
ing (T) may be measured in advance, when the shock 
absorbent member (A) is compressed by the pushing 35 
member (PM) to such an extent that the inner radius of 
at least the part of the cylindrical housing (T) is reduced 
to be less than the target radius (Rt) and immediately 
before the columnar member (C) will be fractured. And, 
according to the correction setting process (V2), a pre- *o 
determined distance less than a difference between the 
limit radius and the target radius, may be set as the 
amount of correction (ds). Consequently, especially in 
the case where the spring back of the cylindrical housing 
(T) is caused after the diameter of the cylindrical housing 45 
(T) was reduced, the radius of the cylindrical housing 
(T) will be controlled to provide the substantially same 
radius as the target radius (Rt). 

[0033] If necessary, the process may further proceed 
to a necking process (N), where open end potions of the 50 
cylindrical housing are applied with the necking process 
to form a finished product (P), e.g., the catalytic convert- 
er as shown in FIG.26. If the pushing member used in 
the compression process (M1 ) and the pushing member 
used in the reducing process (V2) are constituted by the 55 
same member, and can be compressed by a common 
compression device, the measurement process (M) and 
sizing process (V) can be achieved consecutively by a 



single device, as will be described later in detail. The 
measurement process (M) and sizing process (V) are 
not necessarily achieved consecutively, and may be 
achieved at different timings and places. For example, 
it may be so arranged that the united product 1 is meas- 
ured at a first factory, and inserted into the cylindrical 
housing (T) at a second factory. Or, an additional proc- 
ess such as the other process for working on the cylin- 
drical housing (T) for example, may be introduced be- 
tween the measurement process (M) and sizing process 
(V). In either case, the measured result of the measure- 
ment process (M) may be used at the sizing process (V), 
as will be described later in detail. 
[0034] Next, as an embodiment of the method of pro- 
ducing the columnar member container, a method (and 
apparatus) of producing the catalytic converter will be 
explained. At the outset, according to the same process 
as the unitizing process (U), a shock absorbent mat 3, 
which serves as the shock absorbent member of the 
present invention, is wrapped around a catalyst sub- 
strate 2 as shown in FIG.2, and fixed by an inflammable 
tape if necessary. In this respect, it is preferable to a use 
a conventional wrapping manner by forming in advance 
an extension and a recess on the opposite ends of the 
shock absorbent mat 3, respectively, and wrapping the 
shock absorbent mat 3 around the catalyst substrate 2, 
with the extension and recess engaged with each other 
as shown in FIG.2. As indicated by broken lines in FIG. 
2, may be installed a pressure sensing element (SS) and 
an IC tag (TG) for us in another embodiment which will 
be described later. 

[0035] According to the present embodiment, the cat- 
alyst substrate 2 is a ceramic columnar member with a 
honeycomb structure, while it may be made of metal, i. 
e., its material and method for producing it are not limited 
herein. The shock absorbent mat 3 is constituted by an 
alumina mat which will be hardly expanded by heat, in 
this embodiment, but may be employed a vermiculite 
mat having a thermal expansion property, or a combi- 
nation of those mats. Also, may be employed an inor- 
ganic fiber mat without binder impregnated. As the pres- 
sure is varied depending upon the shock absorbent mat 
with or without the binder impregnated, and its impreg- 
nated amount, it is required to take those into consider- 
ation when the pressure is determined. Or, as for the 
shock absorbent mat, a wire-mesh with thin steal wires 
meshed, or the like may be used, and it may be com- 
bined with a ceramic mat. In addition, those may be used 
in combination with an annular metallic retainer, a seal 
ring made of wire mesh, or the like. Furthermore, a 
shock absorbent mat formed in a cylindrical shape may 
be used, so that by simply inserting the catalyst sub- 
strate 2 into the cylindrical mat, the shock absorbent mat 
comes to be placed in its mounted state around the cat- 
alyst substrate 2. 

[0036] Next, referring to FIG.3, the united product 1 
as described above is clamped between a couple of 
clamp devices (CH), and the catalyst substrate 2 is com- 
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pressed by the pushing member (PM) of the measuring 
device (DT) through the shock absorbent mat 3, in a ra- 
dial direction toward the longitudinal axis of the catalyst 
substrate 2. Then, the pressure applied to the catalyst 
substrate 2 is measured, and a distance between the 
axis (Z) of the catalyst substrate 2 and an end of the 
pushing member (PM) when the measured pressure 
(Ps) substantially equals a predetermined target pres- 
sure (Pt) is measured, to provide a target radius (Rt). 
After measuring it, the pushing member (PM) is returned 
to its initial position, and then the clamping state by the 
clamp device (CH) is released. The clamp device (CH) 
and the measuring device (DT) for use in the present 
embodiment will be explained hereinafter. 
[0037] In FIG.3, the clamp device (CH) includes 
chucks of split dies (fingers) type, which clamp the upper 
and lower end of the catalyst substrate 2 to place its 
longitudinal axis (Z) at a predetermined measuring po- 
sition. The measuring device (DT) of the present em- 
bodiment includes an actuator (AC) with a ball screw 
driven by a motor (MT), the pushing member (PM) 
mounted on its front end with a load cell (LC) disposed 
for detecting the pressure, and a rotary encoder (RE) 
disposed at the rear end of the actuator (AC) for detect- 
ing the position. Signals detected by the load cell (LC) 
and rotary encoder (RE) are input to an electronic con- 
trol device (hereinafter called as controller CT), and con- 
verted into various data as described later to be mem- 
orized in a memory (not shown). The motor (MT) is con- 
trolled by the controller CT. 

[0038] The pushing member (PM) is arranged to 
move back and forth in the direction perpendicular to the 
axis (Z) of the catalyst substrate 2 (leftward and right- 
ward in FIG.3), and contact the shock absorbent mat 3 
to compress it. As the contacting area of the pushing 
member (PM) is known, the reaction force caused when 
the catalyst substrate 2 and shock absorbent mat 3 to 
be measured are pressed by the pushing member (PM) 
is detected by the load cell (LC) to provide the pressure 
applied to the catalyst substrate 2, which is input to the 
controller (CT). In the controller (CT), the signal detect- 
ed by the load cell (LC) is converted into the pressure 
to be memorized into the memory and compared with 
the predetermined target pressure (Pt) which was input 
into the controller (CT) in advance separately. Further- 
more, the moving amount and stop position of the push- 
ing member (PM) are detected by the rotary encoder 
(RE) as factors indicative of rotation of the ball screw 
(not shown), to be input into the controller (CT). In the 
controller (CT), the signal detected by the rotary encod- 
er (RE) is converted into the moving amount and stop 
position of the pushing member (PM) to be memorized 
in the memory at real time. Those detecting means and 
the controller (CT) may be connected electrically or op- 
tically. 

[0039] The relationship between a distance from the 
axis Z of the catalyst substrate 2 to the pushing member 
(PM), and the pressure applied to the catalyst substrate 



2 can be identified, with those measuring device (DT) 
actuated as follows. That is, when the pushing member 
(PM) is advanced from its initial position (moved from 
"SO" point leftward in FIG.3) to pressurize a part of the 

5 shock absorbent mat 3, and the reaction force at the 
pressurized portion of the shock absorbent mat 3 has 
reached a predetermined value, a certain position ("S1 " 
point in FIG.3) is identified. This position ("S1" point in 
FIG.3) corresponds to the position of the inner surface 

10 of the cylindrical housing 4 which is placed when the 
pressure of the shock absorbent mat 3 of the finished 
product has become the target pressure (Pt) (i.e., after 
the shrinking process). Therefore, the relationship be- 
tween the pushing force applied to the catalyst substrate 

15 2 and the reaction force (pressure) caused thereby is 
memorized in advance in the memory of the controller 
(CT). On the basis of the relationship, the signal detect- 
ed by the load cell (LC) is converted into the pressure, 
and with the pressure being compared with a predeter- 

20 mined value, the pushing member PM is advanced to 
the position ("SI" point in FIG.3), thereby to detect the 
moving distance (Ds) of the pushing member PM. 
[0040] Accordingly, by subtracting the moving dis- 
tance (Ds) of the pushing member (PM) detected by the 

25 rotary encoder (RE), from a predetermined distance be- 
tween the end position ("SO" point in FIG.3) of the push- 
ing member (PM) and the axis (Z) of the catalyst sub- 
strate 2, the initial position of the pushing member (PM), 
i.e., the position of the target radius (Rt) away from the 

30 axis (Z) can be determined. This position corresponds 
to the position of the inner surface of the cylindrical 
housing 4 which is placed when the pressure of the 
shock absorbent mat 3 of the finished product is main- 
tained at a predetermined pressure (i.e., after the shrink- 

35 ing process). According to the present embodiment, 
therefore, the position ("S1" point in FIG.3) which be- 
comes the predetermined pressure can be determined, 
without measuring the dimensions or properties of the 
catalyst substrate 2 and shock absorbent mat 3 individ- 

40 ually, nor using the aforementioned GBD value. That is, 
as the distance between the end position of the pushing 
member (PM) and the axis (Z) of the catalyst substrate 
2 result in the value taken into consideration not only the 
error in the outer diameter of the catalyst substrate 2, 

^5 but also the error in weight per unit area. Therefore, 
those errors are not required to be measured or evalu- 
ated separately, at all. 

[0041] The distance (Ds) and target radius (Rt) are 
memorized in the memory of the controller (CT) for the 

50 next process, and may be indicated if necessary. A plu- 
rality of measuring devices (DT) may be disposed radi- 
ally about the axis (Z) of the catalyst substrate 2 to 
achieve the multipoint measurement, or the clamp de- 
vice (CH) and the united product 1 may be rotated (in- 

55 dexed) about the axis (Z) to achieve the multipoint 
measurement, and then to obtain the mean value of the 
measured values. Particularly in the case where the 
catalyst substrate 2 is not formed in a circular cross sec- 



9 



5NSDOCID: <EP 134491 1A1_L> 



17 



EP 1 344 911 A1 



18 



tion, it is required to achieve the multipoint measure* 
ment dependent upon the shape of the catalyst sub- 
strate 2, so that it is desirable to place a plurality of 
measuring devices (DT). The pushing member (PM) is 
not necessarily required to be stopped at the predeter- 5 
mined position ("S1 w point in FIG.3), but may be retract- 
ed after the position was determined, and further, the 
clamped state by the clamp device (CH) may be re- 
leased in synchronously with the retracting motion of the 
pushing member (PM). 10 
[0042] With respect to the aforementioned measure- 
ment process, as shown in PIG. 4, a plurality of pushing 
members (PMx) may be positioned radially about the 
axis (Z) of the catalyst substrate 2 (Process M1a), and 
the shock absorbent mat 3 may be compressed by a 15 
plurality of measuring devices (DTn) including those 
pushing members (PMx) to achieve the multipoint 
measurement (Process M1 b), or the clamp device (CH) 
and the united product 1 may be rotated (indexed) about 
the axis (Z) to achieve the multipoint measurement, and 20 
then to obtain the mean value of the measured values. 
The same is true of the measurement process (M) as 
shown in FIG. 1 . Particularly, in the case where the cat- 
alyst substrate 2 is not formed in a circular cross section , 
it is required to achieve the multipoint measurement de- 25 
pendent upon the shape of the catalyst substrate 2, so 
that it is desirable to place a plurality of measuring de- 
vices (DTn). As shown in FIG.4 : the plurality of pushing 
members (PMx) comprise elongated members each of 
which is longer than at least the longitudinal length of 30 
the shock absorbent mat 3, and are placed in parallel 
with one another along the entire periphery of the shock 
absorbent mat 3, with approximately no clearance be- 
tween them. The multipoint measurement may be per- 
formed by some of them : as will described hereinafter 35 
an embodiment capable of performing the multiple 
measurement, with reference to FIGS. 5 and 6. 
[0043] FIGS .5 and 6 illustrate an embodiment of the 
multipoint measuring device, wherein a so-called scroll 
chuck 50 and an actuating device 60 for actuating it are 40 
placed on a horizontal base (BS). The scroll chuck 50 
has three chucks 51 which are placed at three positions 
evenly spaced around the center, and which are radially 
movable simultaneously. The chucks 51 are adapted to 
be moved radially toward or away from the center of 45 
them by the same amount respectively, in response to 
the rotation of a shaft 62, which is rotated by a motor 61 
of the actuating device 60. In other words, the three 
chucks 51 are moved close to or away from each other, 
or fixed by the actuating device 60. On each chuck 51 , 50 
L-shaped holder 70 is mounted to serve as each meas- 
uring device (DTn), which includes an load cell (LCn) 
mounted on each L-shaped holder 70, and an elongated 
pushing member (PMn) fixed to the load cell (LCn). In 
order to prevent each chuck 51 from being vibrated due 55 
to backlash of the scroll chuck 50, each holder 70 is bi- 
ased toward the center or in the radial direction, by 
means of an pneumatic cylinder 71 mounted on the 



base (BS). 

[0044] In case of measurement, the three chucks 51 
and the holder 70 fixed thereto are moved toward the 
center by the same amount respectively, by means of 
the actuating device 60, so that each pushing member 
(PMn) contacts the shock absorbent mat 3 wrapped 
around the catalyst substrate 2, simultaneously. When 
each pushing member (PMn) further moves toward the 
catalyst substrate 2, the shock absorbent mat 3 will be 
compressed in the radial direction (perpendicularly to 
the axis of the catalyst substrate 2). The compression 
reaction force of the shock absorbent mat 3 exerted on 
each pushed portion thereof is detected by each load 
cell (LCn), and determined is a position where the de- 
tected result has reached a predetermined value, and 
which position corresponds to the position (S1) away 
from the center (Z) by the distance (Rt) as shown in FIG. 
3. Then, the distance between the each pushing mem- 
ber (PMn) reached that position and the axis of the cat- 
alyst substrate 2 is measured, to obtain the mean value. 
In this respect, as the end of each pushing member 
(PMn) can be identified on the basis of the number of 
rotation of the motor 61 , for example, the distance be- 
tween each pushing member (PMn) and the axis of the 
catalyst substrate 2 can be obtained. Or, as shown in 
FIG.5, by means of a position measuring device 72 us- 
ing a digital length measuring system, e.g., "magnes- 
cale" of Sony Precision Technology Inc., the moving 
amount of the holder 70 or the like can be measured 
directly. According to the present embodiment, there- 
fore, the moving distance of each pushing member 
(PMn) is measured directly by the position measuring 
device 72. 

[0045] Furthermore, three holing devices 40 are 
mounted on the scroll chuck 50 to be evenly spaced be- 
tween each pushing member (PMn). The holing devices 
40 are provided with pneumatic cylinders 41 biasing 
holding members 42 in the radial direction toward or 
away from the center, for positioning (centering) the unit- 
ed product 1 of the catalyst substrate 2 and shock ab- 
sorbent mat 3, and assisting to hold it during the meas- 
urement process. Accordingly, in advance of the meas- 
urement process, each holing devices 40 is moved to- 
ward the centerto position the united product 1 , and hold 
it, with a little force applied toward the center. In this 
holding state, a consecutive measurement process by 
the measuring device (DTn) is achieved. Afterthe meas- 
urement is finished, the holding member 42 is actuated 
by the pneumatic cylinder 41 in the radial direction away 
from the shock absorbent mat 3 to return to its initial 
position. 

[0046] After the measurement was achieved in the 
measurement process (M), the sizing process is per- 
formed on the basis of the measurement result in the 
sizing process (V). The relationship between these 
processes will be explained hereinafter, with reference 
to FIG. 7. The measurement process (M) of this embod- 
iment is basically the same as the measurement proc- 



10 



NSDOCID: <EP. 



134491 1A1J_> 



19 



EP 1 344 911 A1 



20 



ess shown in FIG.3, as shown at the left side in FIG.7, 
which shows a pari of the multipoint measuring device 
with a plurality of pushing members (PMx) disposed 
around the axis (Z) of the catalyst substrate 2 as shown 
in FIG.4. According to this method, the pushing member 
(PMx) is advanced from its initial position (from M S0" 
point rightward in FIG.7) to pressurize the shock absorb- 
ent mat 3, with the pressurizing force (Fp) applied there- 
to, along the entire longitudinal length of the shock ab- 
sorbent mat 3. Then, by detecting a certain position 
("S1" point in FIG.7) when the pressure at the pressu- 
rized portion (the reaction force of the shock absorbent 
mat 3) obtained on the basis of the detected value of the 
load cell (LCx) has reached the target pressure (Pt), the 
position with the target radius (Rt) away from the axis 
(Z) of the catalyst substrate 2 can be determined. 
[0047] In the sizing process (V), therefore, if the diam- 
eter of the cylindrical housing 4 is reduced, with the 
shock absorbent mat 3 being compressed, to such an 
extent that the inner radius of the part of the cylindrical 
housing 4 for enclosing the shock absorbent mat 3 sub- 
stantially equals the target radius (Rt), the catalyst sub- 
strate 2 is held in the cylindrical housing 4 to be com- 
pressed at the target pressure (Pt). In this case, the di- 
ameter of the cylindrical housing 4 is reduced, with the 
shock absorbent mat 3 being compressed, by means of 
a plurality of compressing members (DVx), instead of 
which the pushing members (PMx) for the measurement 
process may be used also for the sizing process, as fol- 
lows. Based upon the moving distance (Ds) from the in- 
itial position ( M S0 M point) of the pushing members (PMx) 
in the measurement process, if the compressing mem- 
bers (DVx) are moved by the distance (Ds-t) which is 
the result of subtracting the thickness (t) of the cylindri- 
cal housing 4 from the moving distance (Ds), the inner 
radius of the part of the cylindrical housing 4 will become 
substantially equal to the target radius (Rt). 
[0048] According to the shrinking process in the sizing 
process (V) as described above, the change in diameter 
(spring back) and the change in wall thickness of the 
cylindrical housing 4 evaluated by the correction setting 
process (V3) in FIG. 1 have not been taken into consid- 
eration. Considering the amount of correction (ds, dt), 
the target distance (Dt) can be calculated by the equa- 
tion of Dt = Ds+ds-(t+dt), when moving the compressing 
members (DVx). Therefore, if the compressing mem- 
bers (DVx) is moved from its initial position ("SO" point) 
by the target distance (Dt) to reduce the diameter of the 
cylindrical housing 4 together with the shock absorbent 
mat 3, the catalyst substrate 2 will be held in the cylin- 
drical housing 4, with the pressure applied to the catalyst 
substrate 2 adjusted to be the target pressure (Pt). Here- 
inafter, will be explained by the target pressure (Pt), 
while it may be so constituted that the position being 
away from the axis (Z) by the target radius (Rt) is iden- 
tified, and the movement of the compressing members 
(DVx) is adjusted with the amount of correction (ds, dt). 
[0049] The change in diameter of the cylindrical hous- 



ing 4 caused by its spring back can be determined as 
the amount of correction (ds) in advance, on the basis 
of the result measured before the shrinking process. As 
shown in FIG.29, an experiment has result in indicating 

5 the relationship between the target radius (Rt) and the 
actual radius (Ra) of the cylindrical housing 4 when its 
diameter is reduced. In FIG.29, the result without the 
spring back is indicated by a one-dot chain line, and the 
result with the spring back is indicated by a solid line. 

10 According to an example of the cylindrical housing 4 as 
shown in FIG.29, the change in diameter of the cylindri- 
cal housing 4 caused by its spring back was substan- 
tially constant to provide approximately 0.35 mm as the 
change, i.e., ds=0.35. Likewise, the change in diameter 

15 of the cylindrical housing 4 caused by the change in its 
wall thickness was substantially constant to provide ap- 
proximately 1 .05, i.e., increase of approximately 5%. 
[0050] FIG.8 illustrates a practical embodiment of the 
sizing process (V) in FIG .7, as well as the sizing process 

20 (V) in FIG. 1 . At the outset, the united product 1 with the 
shock absorbent mat 3 wrapped around the catalyst 
substrate 2 is inserted into the cylindrical housing 4 
loosely (Process V1 in FIG. 8). Next, the united product 
1 and the cylindrical housing 4 are inserted into a cylin- 

25 der formed by a plurality of compressing members 
(DVx) to be placed at a predetermined position (Process 
V2a in FIG. 8). Then, the diameter of the cylindrical 
housing 4 is reduced together with the shock absorbent 
mat 3 by the compressing members (DVx) (Shrinking), 

30 to such an extent that the inner radius of the part of the 
cylindrical housing 4 substantially equals the target ra- 
dius (Rt) (Process V2b in FIG. 8). As a result, when the 
united product 1 and the cylindrical housing 4 are re- 
moved from the compressing members (DVx) (Process 

35 V4 in FIG.8), there is produced an intermediate product 
which holds the united product 1 with the shock absorb- 
ent mat 3 wrapped around the catalyst substrate 2 to be 
compressed at the target pressure (Pt) in the cylindrical 
housing 4. Then, at least an end portion of the interme- 

40 diate product will be formed by the necking process (N) 
as shown in FIG. 1 to be a finished product, as will be 
described later. 

[0051] FIG. 9 is a flowchart showing the process of 
producing the catalytic converter, according to the 

45 measurement process (M) as shown in FIG.4 and the 
sizing process (V) as shown in FIG.8, and based upon 
the relationship between those processes as shown in 
FIG.7. At Step S101 , initial values are set for the target 
pressure (Pt), correction amounts (ds, dt), arid limits 

50 (Pe, De) of the pressure and moving distance as de- 
scribed later. The correction amounts (ds, dt) are set on 
the basis of the result measured in advance with respect 
to the cylindrical housing 4 to be sized, whereas the lim- 
its (Pe, De) are set in advance on the basis of the prop- 

55 erty of the shock absorbent mat 3. Then, at Step S1 02, 
the pushing member (PMx) is moved to compress the 
shock absorbent mat 3, and the pressure (Ps) applied 
to the catalyst substrate 2 is detected according to the 
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measurement process as described before. The push- 
ing member (PMx) will be moved, until the pressure (Ps) 
equals the target pressure (Pt). As a result, if the pres- 
sure (Ps) is equal to or greater than the target pressure 
(Pt), the process proceeds to Step S1 04, where it is de- 
termined whether the pressure (Ps) is less than the limit 
(Pe). If it is less than the limit (Pe), the process further 
proceeds to Step S1 05, whereas if it is equal to or great- 
er than the limit (Pe), the process jumps to Step S112 
where a warning signal is output. 

[0052] At Step S1 05, the moving distance (Ds) of the 
pushing member (PMx) is detected to provide it as the 
target radius (Rt). Then, at Steps S106 and S107, the 
amount of correction (ds) is added to the moving dis- 
tance (Ds), to correct the latter in response to the 
change in diameter due to the spring back, and the 
amount of correction (dt) is added to the wall thickness 
(t), to correct the latter in response to the change in wall 
thickness due to the increase of its wall thickness. The 
corrected result [Ds+ds-(t+dt)] is set as the target dis- 
tance (Dt) at Step S108. Based on this target distance 
(Dt), the sizing process is achieved at Step S1 09 as de- 
scribed with reference to FIG.8, the compressing mem- 
bers (DVx) are moved until the moving distance (Dn) 
becomes equal to or greater than the target distance 
(Dt). As a result, if it is determined at Step S1 1 0 that the 
moving distance (Dn) is equal to or greater than the tar- 
get distance (Dt), the process proceeds to Step S111 , 
where it is determined whether the moving distance (Dn) 
is less than the limit (De). If the moving distance (Dn) is 
less than the limit (De), the process will end, whereas if 
it is equal to or greater than the limit (De), the process 
proceeds to Step S112 where the warning signal is out- 
put. 

[0053] FIG. 10 illustrates an embodiment of the 
shrinking device (RD) for use in the sizing process (V) 
as disclosed in FIG.8, using the chucks of split dies type 
(finger type). As shown in FIG. 10, a cylindrical pushing 
die (DP) having a tapered inner surface is accommodat- 
ed fluid-tightty and slidably in a cylindrical housing (GQ). 
Furthermore, a plurality of split dies (DV) are accommo- 
dated in the cylindrical pushing die (DP), to function at 
least as the compressing members (DVx) in FIG.8 for 
use in the shrinking process. As shown in FIG. 12, each 
split die (DV) has a tapered outer surface, to be slidably 
fitted into the inside of the pushing die (DP). Further- 
more, a receiving bed (BD) for placing thereon the unit- 
ed product 1 is disposed on the central axis of the hous- 
ing (GD), as shown in FIG. 12. The pushing die (DP) 
and split dies (DV) are actuatyed by a hydraulic pressure 
actuating device (not shown), so that the pushing die 
(DP) is moved along the axis (longitudinal direction) of 
the housing (GD) by the hydraulic pressure (indicated 
by "OP" in FIG. 12), and the split dies (DV) are moved 
radially (toward the central axis) in response to move- 
ment of the pushing die (DP) (upward in FIG. 12). The 
hydraulic pressure actuating device (not shown) is con- 
trolled by a controller (not shown) as will be described 



later. 

[0054] Alternatively, if a shrinking device (RD2) as 
shown in FIG. 11 is used instead of the shrinking device 
(RD), the aforementioned shrinking process can be 

s achieved more appropriately. The shrinking device 
(RD2) has the split dies (DV), each of which is divided 
into two segments of a segment (DS) and a back metal 
(DX). The neighboring segment (DS) and back metal 
(DX) are connected by means of a T-slot (DC), respec- 

10 tively, so that the segment (DS) is removable. As a re- 
sult, the segment (DS) can be selected in accordance 
with the diameter of the cylindrical hosing to be formed. 
On both edge comers of the segment (DS), there are 
formed shoulders DSa and DSb having smooth round 

15 surface, which are preferably to be formed with the ra- 
dius of several millimeters. Consequently, when the di- 
ameter of the housing is reduced to its minimum in the 
measurement process to minimize the clearance be- 
tween the neighboring segments (DS), a part of the 

20 shock absorbent mat 3 can be prevented from being 
caught in the clearance. On the segment (DS), or be- 
tween the segment (DS) and back metal (DX), a pres- 
sure sensor (corresponding to the sensor as indicated 
by n SS w in FIG. 2) may be disposed. 

25 [0055] Next will be explained the shrinking process for 
reducing the diameter of the body portion of the cylin- 
drical housing 4 together with the shock absorbent mat 
3, by the shrinking device (RD) as shown in FIG. 10, 
which is employed herein for easily explaining the proc- 

30 ess, while the shrinking device (RD2) as shown in FIG. 
11 may be used. In either shrinking device, eight dies 
have been provided, but the number of dies is not limited 
to it. It may be larger or smaller than eight, and may be 
of odd or even number. Any method for moving the dies 

35 may be used. Although it is desirable to control as many 
dies as possible individually, the number of dies may be 
determined in view of the required accuracy, feasibility, 
cost or the like. A collet type may be employed. Accord- 
ing to the shrinking device (RD) as shown in FIG. 10, 

40 therefore, after the united product 1 was placed on the 
receiving bed (BD) as shown in FIG. 12, the cylindrical 
housing 4 is placed on an annular step portion formed 
at the bottom of the bed (BD), as shown in FIG. 14, so 
that the axis of the cylindrical housing 4 substantially 

45 lies on the axis (Z) of the catalyst substrate 2. As a result, 
the united product 1 is loosely received in the cylindrical 
housing 4. 

[0056] The cylindrical housing 4 of the present em- 
bodiment is made of a stainless steel tube, for example, 

50 and called as an outer tube, housing or casing for the 
finished product. The inner diameter of the cylindrical 
housing 4 is larger than the outer diameter of the shock 
absorbent mat 3 wrapped around the catalyst substrate 
2. Therefore, the catalyst substrate 2 and the shock ab- 

55 sorbent mat 3 wrapped around it are smoothly received 
in the cylindrical housing 4, so that the outer surface of 
the shock absorbent mat 3 is not pressed onto the inner 
surface of the cylindrical housing 4, i.e., the former is 
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not stuffed (or pressed) into the latter. Therefore, the cat- 
alyst substrate 2 and the shock absorbent mat 3 are 
smoothly accommodated in the cylindrical housing 4, so 
that they will not be fractured. As for the cylindrical hous- 
ing 4, it is not limited to the stainless steel tube, but it 
may be a lube made of other metals. Furthermore, a 
sheet melal may be formed into a lube in a previous 
process, or a pipe on the market may be cut to provide 
the cylindrical housing 4. Although its wall thickness is 
not limited, that of 1-3 millimeters is preferable for the 
catalytic converter. 

[0057] Referring to FIG. 14, when the hydraulic pres- 
sure actuating device (not shown) is actuated by the hy- 
draulic pressure (indicated by M OP" in FIG. 14) to move 
the pushing die (DP) along the axis of the housing (GD), 
i.e., move upward in FIG. 14, the split dies (DV) are 
moved radially (toward the central axis) as shown in 
FIG. 15, whereby the body portion of the cylindrical 
housing 4 and the shock absorbent mat 3 are com- 
pressed to reduce the diameters. The reduced amount 
in this case is controlled accurately by the controller (not 
shown) for actuating the hydraulic pressure actuating 
device, so that the cylindrical housing 4 and the shock 
absorbent mat 3 are compressed and centralized: until 
the distance between the axis (Z) of the catalyst sub- 
strate 2 and the inner surface of the cylindrical housing 
4 will become the target radius (Rt), to form the reduced 
diameter portion 4a as shown in FIG. 15. In otherwords, 
according to the sizing process performed at Step S1 09, 
the corrected target distance (Dt) is used, so that the 
distance between the axis (Z) of the catalyst substrate 
2 and the inner surface of the cylindrical housing 4 will 
become the target radius (Rt). 

[0058] For example, it is preferable to measure in ad- 
vance a limit radius (Re) of the cylindrical housing 4, 
which is provided when the shock absorbent mat 3 is 
compressed by the pushing member (PMx) to such an 
extent that the inner radius of at least the part of the 
cylindrical housing 4 for covering the shock absorbent 
mat 3 is reduced to be less than the target radius (Rt) 
and immediately before the catalyst substrate 2 will be 
fractured. Then : by setting a predetermined distance 
less than the difference between the limit radius (Re) 
and the target radius (Rt) as the amount of correction 
(ds), and correcting the moving distance (Ds) on the ba- 
sis of the amount of correction (ds) to set the target mov- 
ing distance (Dt), and using the target moving distance 
(Dt) for the NC control of the shrinking device (RD) to 
shrink the cylindrical housing 4 together with trie shock 
absorbent mat 3, the substantial radius of the cylindrical 
housing 4 when the spring back was caused after the 
shrinking process will equal the target radius (Rt). 
Therefore, the distance between the axis (Z) of the cat- 
alyst substrate 2 and the inner surface of the cylindrical 
housing 4 will become the target radius (Rt), without be- 
ing affected by the spring back. Consequently, the cat- 
alyst substrate 2 can be held in the cylindrical housing 
4 appropriately, without fracturing the catalyst substrate 



2, even if it is especially fragile. 

[0059] As described above, the hydraulic pressure 
actuating device (not shown) for actuating the shrinking 
device (RD) is controlled by the controller (not shown), 
5 and the sizing process by any amount of reduction can 
be achieved according to NC control, to enable a fine 
control. Furthermore, in the shrinking process, a work- 
piece may be rotated occasionally to perform the index 
control, the cylindrical housing 4 can be reduced in di- 
ameter more uniformly about its entire periphery. The 
control medium for the shrinking device (RD) is not lim- 
ited to the hydraulic pressure. With respect to the actu- 
ating and controlling system, any actuating system in- 
cluding a mechanical system, electric system, pneumat- 
ic system or the like may be employed, and preferably 
a CNC control system may be used. 
[0060] According to the present embodiment, there- 
fore, the body portion of the cylindrical housing 4 can be 
reduced in diameter with such a good accuracy that the 
pressure applied to the catalyst substrate 2 will not ex- 
ceed the target pressure, without being affected by the 
scale of the catalyst substrate 2 or cylindrical housing 
4, and the property of the shock absorbent mat 3, in oth- 
er words, without being affected by the error in outer di- 
ameter of the catalyst substrate 2 S error in inner diame- 
ter of the cylindrical housing 4, weight per unit area of 
the shock absorbent mat 3 and so on, and with adjust- 
ment made in advance on the basis of the change in 
diameter due to the spring back and the change in wall 
thickness. Particularly, as the amount of correction can 
be determined in advance, the variable measured value 
will be only the distance between the axis (Z) of the cat- 
alyst substrate 2 and the end of the pushing member 
(PM) at last, to provide certainly an appropriate value. 
Accordingly, the catalyst substrate 2 can be held in the 
cylindrical housing 4 (through the shock absorbent mat 
3) always at a stable accuracy. 

[0061] As a result, in contrast to the pressure allow- 
ance range (P — a) in the prior art, which was the range 
as indicated by "A" in FIG.28 (GBD applicable in this 
case was the range of Ga1-Ga2), the pressure allow- 
ance range in the present embodiment as described 
above becomes the range as indicated by "B", which 
corresponds to the range as small as Gb1 -Gb2. In other 
words, with respect to the ceramic catalyst substrate 2 
having the thin walls which are weak especially in the 
radial direction, the pressure allowance range (P — a) 
will be caused to be small and the applicable GBD will 
become the range of Gb1 -Gb2. According to the present 
embodiment, however, the sizing process can be 
achieved for that catalyst substrate 2 appropriately, 
without fracturing it. 

[0062] In the case where the shock absorbent mat 3 
has such a property that it will take a predetermined time 
(e.g., a few minutes) to be restored from a compressed 
(reduced in diameter) state of the mat 3 to its state be- 
fore compressed, can be easily inserted into the cylin- 
drical housing 4, the catalyst substrate 2 wrapped with 
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the shock absorbent mat 3 in such a state that the shock 
absorbent mat 3 is being restored from its compressed 
state (the state with the target pressure provided) to its 
state before compressed, after it was measured as 
shown in FIG.3. Therefore, in the case where the inner 
diameter of the cylindrical housing 4 is set on the basis 
of the state that it is being restored from the compressed 
state of the mat 3 to its state before compressed, then 
the shock absorbent mat 3 can be inserted smoothly into 
the cylindrical housing4, even if the initial inner diameter 
of the cylindrical housing 4 is set to be smaller than that 
set in the process as described before, whereby the re- 
ducing amount of the cylindrical housing 4 can be min- 
imized. 

[0063] Next will be explained such an embodiment 
that the plurality of split dies (DV) are constituted to func- 
tion as the pushing member for the measurement (e.g., 
the pushing member (PMx) in FIG.4), and shrink the cy- 
lindrical housing 4 together with the shock absorbent 
mat 3 toward the axis (Z) of the catalyst substrate 2, to 
achieve the processes from the measurement process 
to the shrinking process as a consecutive processes, by 
a single device, with reference to FIGS. 12-15. That is, 
the shrinking device (RD) of the present embodiment is 
adapted to function as the measuring device (DT) as de- 
scribed before, so that the measurement process and 
sizing process can be performed consecutively by the 
single device, according to the flowchart as shown in 
FIG. 9, for example. In this case, are required a pressure 
sensor (not shown) for sensing the pressure (OP) and 
an encoder (not shown) for detecting a stroke of the dies 
(DV) to measure its moving distance. The former is 
adapted to detect the reaction force of the shock absorb- 
ent mat 3 through the reaction force of the hydraulic 
pressure, and may be constituted by the pressure sen- 
sor such as the load cell mounted on the pressing sur- 
face of the split dies (DV), functioning as the pushing 
member (PMx). The latter (the encoder) may be adapt- 
ed to detect the stroke of the pushing die (DP), or detect 
the hydraulic amount discharged from the pump as the 
applied pressure, to detect the stroke. Furthermore, the 
device may be provided with biasing means for assisting 
the split dies (DV) to return to its initial position. 
[0064] At the outset, the united product 1 is placed on 
the receiving bed (BD) as shown in FIG. 12. Next, the 
hydraulic pressure actuating device (not shown) is ac- 
tuated to move the pushing die (DP) along the axis of 
the housing (GD) (upward in FIG.13) by the hydraulic 
pressure (OP in FIG.13), the split dies (DV) are moved 
radially (toward the axis) as shown in FIG.13 to com- 
press the shock absorbent mat 3. In this case, the split 
dies (DV) function as the pushing member (PMx) as 
shown in FIG.4. Thus, the split dies (DV) are moved from 
their initial positions ("SO" point in FIG. 12) toward the 
axis (Z), to pressurize the shock absorbent mat 3, and 
when the reaction force of the shock absorbent mat 3 
has reached a predetermined value, a certain position 
("S1" point in FIG.13) is detected. The position ( U S1° 



point in FIG.13) corresponds to the position of the inner 
surface of the cylindrical housing 4 which is placed when 
the pressure of the shock absorbent mat 3 of the finished 
product has become the target pressure (Pt) (i.e., after 

5 the shrinking process). According to the present embod- 
iment, therefore, the signal detected by the pressure 
sensor (not shown) is converted into the pressure value, 
and with the pressure being compared with a predeter- 
mined value, the split dies (DV) are moved to the posi- 

10 tion as described above ( n S1 u point in FIG. 1 3), thereby 
to detect the moving distance of the split dies (DV). 
[0065] Accordingly, by subtracting the moving dis- 
tance of the split dies (DV) detected by the encoder (not 
shown), from a predetermined distance between the in- 

15 itial position ("SO" point in FIG. 1 2) of the split dies (DV) 
and the axis (Z) of the catalyst substrate 2, the initial 
position of the split dies (DV), i.e., the position of the 
target radius (Rt) away from the axis (Z) can be deter- 
mined. Therefore, if the aforementioned spring back and 

20 the change in wall thickness are ignored, that position 
corresponds to the position of the inner surface of the 
cylindrical housing 4 (after the shrinking process), in 
which the pressure applied to the shock absorbent mat 
3 is maintained at a predetermined value. Therefore, if 

25 the process considering the amount of correction (ds, 
dt) in view of the spring back and the change in wall 
thickness as shown in FIG. 9 is further applied, the target 
radius (Rt) can be ensured after the shrinking process. 
[0066] Then, after the split dies (DV) were retracted, 

30 the cylindrical housing 4 is positioned as shown in FIG. 
14. When the hydraulic pressure actuating device (not 
shown) is actuated by the hydraulic pressure ("OP" in 
FIG. 14) to move the pushing die (DP) along the axis of 
the housing (GD), i.e., move upward in FIG. 14, the split 

35 dies (DV) are moved radially (toward the central axis) 
as shown in FIG. 15, whereby the body portion of the 
cylindrical housing 4 and the shock absorbent mat 3 are 
compressed to reduce the diameters. The split dies (DV) 
function as the pushing member (DVx), and the moving 

4 o amounts are controlled accurately by the controller (not 
shown), so that the cylindrical housing 4 and the shock 
absorbent mat 3 are shrinked, until the distance be- 
tween the axis (Z) of the catalyst substrate 2 and the 
inner surface of the cylindrical housing 4 will become 

45 the target radius (Rt), to form the reduced diameter por- 
tion 4a as shown in FIG. 15. 

[0067] According to the present embodiment, after 
the body portion of the cylindrical housing 4 with the cat- 
alyst substrate 2 and the shock absorbent mat 3 accom- 

so modated therein was reduced in diameter, the necking 
process is applied to the opposite ends of the cylindrical 
housing 4 by a spinning process as explained hereinaf- 
ter. At the outset, the body portion (reduced diameter 
portion 4a) is clamped by a clamp device (CL) for a spin- 

55 ning apparatus (not shown), not to be rotated, and not 
to be moved axially. Then, the spinning process is ap- 
plied to an end portion of the cylindrical housing 4, by 
means of a plurality of spinning rollers (SP), which are 
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revolved about the axis of the end portion of the cylin- 
drical housing 4 along a common circular locus. That is, 
the spinning rollers (SP), which are positioned around 
the outer periphery of the end portion of the cylindrical 
housing 4. preferably with an equal distance spaced be- s 
Lween the neighboring rollers, are pressed onto the out- 
er surface of the end portion of the cylindrical housing 
4, and revolved about the axis thereof, and moved along 
the axis (to the right in FIG. 16), with a revolutionary lo- 
cus reduced, to achieve the spinning process. Accord- 10 
ingly, one end portion of the cylindrical housing 4 is re- 
duced in diameter by the spinning rollers (SP) to provide 
a tapered portion 4b and a bottle neck portion 4c without 
any stepped portions formed between them, to form a 
smooth surface. Before the necking process, a stepped 15 
portion 4d has been formed after the cylindrical housing 
4 was shrinked, as shown at the left side in FIG.1 6. 
[0068] Next, the cylindrical housing 4 is reversed by 
1 80 degree, and positioned as shown in FIG. 1 7, so that 
the necking process is performed by means of the spin- 20 
ning rollers (SP), with respect to the other one end por- 
tion of the cylindrical housing 4, as well. The reversing 
operation of the cylindrical housing 4 is performed after 
the process as shown in FIG. 16. That is, the cylindrical 
housing 4 is released from the clamp device (CL), and 25 
reversed by a robot hand (not shown), and then clamped 
again by the clamp device (CL). The robot may be used 
for supplying workpieces such as the cylindrical housing 
4 and transferring the same, to obtain a more efficient 
productivity. Or, the clamp device (CL) itself may be re- 30 
versed. Thereafter, the body portion of the cylindrical 
housing 4 is clamped again by the clamp device (CL), 
and the other one end portion (left portion in FIG.1 6) of 
the cylindrical housing 4 is formed by the spinning rollers 
(SP) to form the tapered portion 4b and the bottle neck 35 
portion 4c as shown in FIG.1 7. Preferably, the clamp de- 
vice (CL) may be of the type adjustable for variable di- 
ameters with aligning function, e.g., chucks of split dies 
type (finger type). Furthermore, the clamp device having 
the indexing function is effective in the case where the *o 
opposite neck portions are not formed on the same sur- 
face in the offset/oblique necking processes as de- 
scribed later. 

[0069] As shown in FIGS. 16 and 17, when the neck- 
ing process is performed by the spinning rollers (SP), 45 
with the axially movable mandrel (MN) inserted into the 
open end of the cylindrical housing 4, accuracy of shape 
of the bottle neck portion 4c can be improved. Instead, 
after the necking process was applied to one end portion 
of the cylindrical housing 4 at first, the reduced diameter so 
portion 4a is formed as shown in FIG. 1 5, and finally the 
necking process may be applied to the other one end 
portion of the cylindrical housing 4. 
[0070] FIG. 18 shows another embodiment of the 
necking process in the present invention, wherein the ss 
mandrel (MN) is positioned in such a mannerthat its axis 
is oblique to the axis of the cylindrical housing 4, to which 
the necking process is applied by the spinning rollers 



(SP), instead of the processes as shown in FIGS. 16 
and 17. In this case, the clamp device (CL) is required 
not to interfere with the spinning rollers (SP). As a result, 
the tapered portion 4e and bottle neck portion 4f having 
the axis oblique to the axis of the reduced diameter por- 
tion 4a can be formed on the other end portion of the 
cylindrical housing 4 as shown in FIG.1 8. Or, there may 
be formed the tapered portion 4e and bottle neck portion 
4f having an axis offset to the axis of the reduced diam- 
eter portion 4a. Furthermore, the necking process can 
be applied to the opposite ends of the cylindrical housing 
4, in accordance with a combination of axes coaxial with, 
oblique to, and offset from the axis of the reduced diam- 
eter portion 4a. As for the spinning apparatus for use in 
the present embodiment, the one as disclosed in Japa- 
nese Patent Laid-open Publication No.2001 -137962 is 
appropriate. 

[0071] According to the present embodiment, there- 
fore, the cylindrical housing 4 is not rotated during the 
spinning process, a structure for certainly holding the 
cylindrical housing 4 can be easily constituted. And, the 
catalyst substrate 2 and the shock absorbent mat 3 ac- 
commodated in the cylindrical housing 4 are not rotated 
about the longitudinal axis during the spinning process, 
the stable holding state can be maintained. As the neck- 
ing process can be applied to the opposite ends of the 
cylindrical housing 4 consecutively, the working time in 
total will be reduced, comparing with the prior method. 
According to the present embodiment, with the necking 
process performed by the plurality of spinning rollers 
(SP), the bottle neck portion 4c is formed to be smoothly 
integrated with the reduced diameter portion 4a. Espe- 
cially, in the case where the step portion 4d (shown in 
FIG. 16) was formed between the body portion (reduced 
diameter portion 4a) of the cylindrical housing 4 and the 
opposite ends thereof when the cylindrical housing 4 
was shrinked, the step portion 4d can be removed by 
the spinning rollers (SP), whereby the continuously 
smooth surface from the body portion to the neck portion 
can be formed. 

[0072] Referring to FIGS. 19-26, another embodiment 
of the present invention will be explained hereinafter. 
First of all, determined is a maximum inner diameter 
(R2) of an end portion formed in its final target shape of 
a metallic cylindrical housing, with its unformed portion 
indicated by "10" in FIG. 19. A cylindrical housing with 
an enlarged portion formed on its one end is named as 
a primary workpiece and indicated by "101" in FIG. 19. 
That is, the maximum inner diameter (R2) is determined 
by a distance between the central axis (C) of the body 
portion and the inner surface of one end potion with its 
final target shape extending outward of a virtually ex- 
tending surface from the outer peripheral surface of the 
body potion (indicated by two-dot chain line in FIG.1 9) 
of the cylindrical housing 10. Then, one end potion of 
the cylindrical housing is enlarged in diameter up to the 
maximum inner diameter (R2) of its final target shape, 
to form an enlarged diameter portion 10a. Hereinafter, 
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the cylindrical housing with the enlarged diameter por- 
tion 10a is identified as the primary workpiece 101. As 
for a process (or means) for enlarging the diameter in 
this embodiment, may be used a press working process 
generally by stuffing a punch into the housing, a spin- s 
ning process, or the like. The enlarged amount of diam- 
eter (d2) resulted from the enlarging diameter process 
as described above, corresponds to a value subtracted 
from the maximum inner diameter (R2) of the final target 
shape by the inner radius (R0) of the cylindrical housing 
(the portion thereof before working). The diameter (R1 ) 
as shown in FIG . 1 9 corresponds to the target radius (Rt) 
as shown in FIG. 3, and (d1 ) indicates a reduced amount 
of diameter. In other words, the diameter (R1) is ob- 
tained in the same manner as the target radius (Rt), as 
described before, and the diameter (R1) is subtracted 
from the inner radius (R0) of the cylindrical housing to 
produce the reduced amount of diameter (d1). 
[0073] In FIG. 19, the position indicated by the two- 
dot chain line corresponds to the position which is away 
from the central axis (C) by the distance (R1), which is 
set for the inner diameter of the final target shape of the 
body portion 11 in FIG.22, which shows the necking 
process applied to the end portion of the cylindrical 
housing later. Therefore, the difference between the in- 
ner diameter (R1 ) of the final target shape of the body 
portion 11 in FIG.22 and the maximum inner diameter 
(R2) of the enlarged diameter portion 10a (i.e., 
dO=R2-R1) is the maximum width extending outward of 
the virtually extending surface from the outer peripheral 
surface of the body potion 1 1 , to result in the relationship 
of d0=d1+d2. In other words, although the deformed 
amount by enlarging the one end of the cylindrical hous- 
ing is only the enlarged amount of diameter (d2) as 
shown in FIG. 19, the deformed amount (dO) will be fi- 
nally provided for the outer peripheral surface of the 
body potion 11. That is, as the difference between the 
maximum inner diameter (R2) of the final target shape 
of one end of the cylindrical housing (i.e., the enlarged 
diameter portion 1 0a in FIG. 1 9) and the inner diameter 
(R1) of the f inal target shape of the body portion 11 with 
the shrinking process applied thereto (i.e., the reduced 
diameter portion) equals the maximum width (dO) ex- 
tending outward of the virtually extending surface from 
the outer peripheral surface of the body potion 11 , the 
deformed amount by the diameter enlarging process 
and diameter decreasing process can be minimized. 
Furthermore, the measurement process as described 
before may be simplified by using a result of measuring 
a sample, without measuring every product, as far as 
the catalyst substrate 2 and shock absorbent mat 3 are 
capable of maintaining their qualities with allowable er- 
rors, respectively. 

[0074] Then, as shown in FIG.20, a couple of united 
products 1 of the catalyst substrate 2 and the shock ab- 
sorbent mat 3 wrapped around it are inserted into the 
primary workpiece 1 01 with the enlarged portion formed 
on one end of the cylindrical housing as shown in FIG. 



19, and placed in parallel with each other, to be held at 
the predetermined positions, respectively. In this proc- 
ess, it is preferable to arrange such that the outer sur- 
face of each shock absorbent mat 3 is not compressed 
by the inner surface of the cylindrical housing, and does 
not contact it, or may contact it softly, so that each shock 
absorbent mat 3 will be applied with almost no com- 
pressing force. The diameter enlarging process as 
shown in FIG. 19 and the inserting process as shown in 
FIG. 20 may be reversed. Or, the measurement process 
may be performed before the inserting process. 
[0075] Next, the sizing process is applied to the pri- 
mary workpiece 101 with the united product accommo- 
dated therein and placed at a predetermined position, 
as shown in FIG. 21 , to shrink the nonworking portion (i. 
e., the body portion of the cylindrical housing) until the 
shock absorbent mat 3 is compressed to provide the 
most appropriate compressed amount. Among various 
sizing processes, the shrinking device (RD) as shown 
in FIG.10 is used in the present embodiment. Accord- 
ingly, the sizing process is achieved to produce a sec- 
ondary workpiece 1 02 in FIG.21 in the same manner as 
described before, and therefore further explanation is 
omitted herein. 

[0076] After the sizing process, the necking process 
is applied by the spinning rollers (SP) to an end portion 
of the secondary workpiece 102, as shown in FIG.22. 
At the outset, the body portion of the secondary work- 
piece 1 02 is clamped by the clamp device (CL) for the 
spinning apparatus (not shown), not to be rotated, and 
not to be moved axially. And, a plurality of target working 
portions (not shown) are provided to form a necking por- 
tion 13 that includes a final target working portion (ta- 
pered portion 1 3b and neck portion 1 3c as shown in FIG. 

22) , which has a central axis with a relationship with one 
of oblique to, offset from, and skewed from the central 
axis ("C" in FIG.21) of the body potion 11 , and a portion 
of which extends outward of the virtually extending sur- 
face from the outer peripheral surface of the body potion 
11. In this case, as shown in FIG.23, which enlarges a 
section in the vicinity of the upper left end of FIG.22, the 
necking portion 1 3 is adapted to be formed so as to in- 
clude a predetermined area 11y at the left end of the 
body portion 1 1 . That is, the necking process is applied 
by the spinning rollers (SP) to the predetermined area 
11y (the area as indicated by one-dot chain lines in FIG. 

23) of the body potion 1 1 , so that a section covering the 
area 11 y constitutes a part of the necking portion 1 3 to 
form an overlapped working portion 13a as indicated by 
a solid line in FIG.23. 

[0077] Then, a plurality of working target axes (not 
shown) are provided on the basis of the plurality of target 
working portions. And, the secondary workpiece 102 as 
shown in FIG.21 is held so that the central axis (not 
shown) of the enlarged diameter portion 10a will be 
placed substantially on the same axis as one of the plu- 
rality of working target axes. Then, the spinning process 
is applied to its end portion by means of a plurality of 
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spinning rollers (SP), which are revolved about the axis 
of the end portion along a common circular locus. That 
is, the spinning rollers (SP), which are.positioned around 
the.outer periphery of the end portion of the secondary 
workpiece 102, preferably with an equal distance 5 
spaced between the neighboring rollers, are pressed 
onto the outer surface of the end portion of the second- 
ary workpiece 1 02, and revolved about the axis thereof, 
and moved along the axis (to the left in FIG.22), with a 
revolutionary locus reduced, to achieve the spinning 
process. Accordingly, as shown in FIG.22, is formed a 
third workpiece 1 03, one end of which is formed into the 
necking portion 13 with the oblique axis to provide the 
final target shape. 

[0078] Referring next to FIG. 24, the third workpiece 
103 with the necking portion 13 formed thereon (as 
shown in FIG.22) is reversed by 180 degree, and posi- 
tioned as shown in FIG.24, so that the necking process 
is performed by means of the spinning rollers (SP) with 
respect to the other one end portion, as well. The re- 
versing operation of the third workpiece 103 is per- 
formed after the necking process to form the necking 
portion 13. That is, the third workpiece 103 is released 
from the clamp device (CL), and reversed by a robot 
hand (not shown), and then clamped again by the clamp 
device (CL). Then, the body portion 11 of the third work- 
piece 103 is clamped again by the clamp device (CL), 
and the other one end portion is formed by the spinning 
rollers (SP) to form a necking portion 12 with a tapered 
portion 12b and neck portion 12c on the same axis as 
the central axis ("C" in FIG.21) of the body portion 11 , 
as shown in FIG.24. In this case, as shown in FIG.25, 
which enlarges a section in the vicinity of the lower left 
end of FIG.24, the necking portion 12 is adapted to be 
formed so as to include a predetermined area 1 1 x at the 
left end of the body portion 1 1 . That is, the necking proc- 
ess is applied by the spinning rollers (SP) to the prede- 
termined area 11 x (the area as indicated by one-dot 
chain lines in FIG.25) of the body potion 11 , a section 
covering the area 11 x constitutes a part of the necking 
portion 1 2 to form an overlapped working portion 1 2a as 
indicated by a solid line in FIG.25. 
[0079] According to the present embodiment, the sec- 
ondary workpiece 102 (or, the third workpiece 103) is 
not rotated during the spinning process, a structure for 
holding the secondary workpiece 1 02 can be easily con- 
stituted. And, the catalyst substrate 2 and the shock ab- 
sorbent mat 3 accommodated in the secondary work- 
piece 1 02 (or, the third workpiece 1 03) are not rotated 
about the longitudinal axis during the spinning process, 
the stable holding state can be maintained. And, the 
necking process can be easily applied to each of the 
secondary workpiece 1 02 and third workpiece 1 03,.con- 
secutively. Particularly, according to the present embod- 
iment, with the necking process applied by the spinning 
rollers (SP) to the predetermined areas 11x and 11y of 
the body portion 11, the portions corresponding to the 
areas 11 x and 11 y will constitute a part of the necking 



portions 12 and 13, to provide the overlapped working 
portions 12a and 13a. In this case, the necking portion 
13 is formed by the oblique spinning process. In this 
process, as the spinning rollers (SP) are revolved on the 
surface oblique to the axis of the cylindrical housing, it 
is preferable that the overlapped working portion 13a is 
made wider than the overlapped working portion 12a 
which is formed by the coaxial spinning process. The 
same is true of the offset spinning process. 
[0080] With respect to the necking portion 13, the 
necking process is performed as shown in FIG. 23, start- 
ing from a bent portion B2 which is different from a bent 
portion B1 formed in the sizing process, to provide the 
overlapped working portion 13a, so that the bent por- 
tions will not be overlapped. Furthermore, the bent por- 
tion B1 formed in the sizing process is reformed into the 
one of an even thickness as a whole, with a positive 
plastic flow of the material caused by the spinning proc- 
ess in the helical direction. Likewise, with respect to the 
necking portion 12, the necking process is performed, 
starting from a bent portion B3 which was formed in the 
sizing process to the body portion 11, to be bent at a 
bent portion B4 which is different from the bent portion 
B3. so that the bent portions will not be overlapped. And, 
the bent portion B4 is reformed into the one of an even 
thickness as a whole, with the positive plastic flow of the 
material caused by the spinning process in the helical 
direction, as well. 

[0081] Consequently, a catalytic converter C1 is 
formed as shown in FIG .26, to provide a plurality of par- 
allel traces 1 1 e formed on the outer surface of the body 
portion 11 by the sizing process to a predetermined area 
(SA), and a plurality of streaks 12j and 13j formed on 
the outer surface of the necking portions 12 and 13 by 
the spinning process to a predetermined area (SA). As 
indicated by broken lines in FIG. 26, the opposite ends 
of the traces 11 e formed in the shrinking process are 
disappeared when the necking portions 12 and 13 are 
formed, and the remaining portions of the traces 1 1 e are 
connected at their opposite ends to the streaks 12j and 
13j to be perpendicular thereto. The traces 11 e as de- 
scribed above are resulted from such a specific process 
as using the shrinking device (RD) as shown in FIG. 1 0. 
The lines indicative of the traces 11 e as shown in FIG. 
26 were emphasized for the sake of better understand- 
ing, while they are not so much noticeable, in fact. Pref- 
erably, they can not be noticed by eyes. The same is 
true of the streaks 12j and 13j formed by the spinning 
process. 

[0082] The oblique spinning process as disclosed in 
Japanese Patent No.29571534 (corresponding to the 
United States Patent No.6,067,833) was applied to the 
one end of the secondary workpiece 102. Alternatively, 
the offset spinning process as disclosed in Japanese 
Patent No.29571533 (corresponding to the United 
States Patent No.6,01 8,972) may be applied to the one 
end of the secondary workpiece 1 02, to form a catalytic 
converter C2 having an offset necking portion 14, as 
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shown in FIG. 27. With respect to the sizing process, 
the spinning rollers (SP) may be used for sizing the body 
potion of the cylindrical housing as disclosed in Japa- 
nese Patent Laid-open Publication No.2001 -107725 
(corresponding to the United States Patent No. 6, 381 , 
843). 

[0083] Next will be explained a further embodiment, 
wherein a pressure sensor element (SS) is disposed be- 
tween the catalyst substrate 2 and the shock absorbent 
mat 3, as indicated by broken lines in FIG.2, and the 
pressure applied to the catalyst substrate 2 is detected 
directly on the basis of the signal sensed by the pressure 
sensor element (SS). As for the pressure sensor ele- 
ment (SS), there is put on the market a sensor for. de- 
tecting a pressure distribution at real time by an elon- 
gated sensor sheet with electrodes disposed thereon. 
For example, the sensor sheet (called as "MATSCAN") 
is sold by Tekscan, Inc. in the U.S.A., and a pressure 
distribution measuring system (called as "l-SCAN") is 
sold by NITTA Co., Ltd. in Japan. Therefore, the elon- 
gated sensor sheet capable of sensing the area com- 
pressed by the elongated pushing members (PMx) as 
described before may be placed on the catalyst sub- 
strate 2, to constitute the pressure sensing device. As 
a result, the body portion of the cylindrical housing 4 ac- 
commodated therein the shock absorbent mat 3 can be 
shrinked together with the shock absorbent mat 3, con- 
trolling the pressure (Ps) within a predetermined pres- 
sure range to hold the catalyst substrate 2, without 
measuring the aforementioned distance (Ds) by the 
measuring device (DT) and without determining the tar- 
get radius (Rt). 

[0084] According to the present embodiment as de- 
scribed above, therefore, the pressure sensing element 
(SS) is used for a sensing device for detecting the pres- 
sure applied to the catalyst substrate 2 as the columnar 
member, and a compression device such as the shrink- 
ing device (GD) as shown in FIG. 10 is provided for in- 
serting the catalyst substrate 2 (columnar member) with 
the shock absorbent mat 3 (shock absorbent member) 
wrapped around it together with pressure sensing ele- 
ment (SS) smoothly into the cylindrical housing 4, and 
compressing a body portion of the cylindrical housing 4 
covering at least the shock absorbent mat 3 . And, a con- 
trol device (e.g., controller (CT) in FIG. 3) is provided for 
actuating the compression device to such an extent that 
the pressure exerted on the catalyst substrate 2 (colum- 
nar member) is controlled to be within a predetermined 
pressure range by the pressure restoring force of the 
shock absorbent mat 3, to reduce a diameter of the body 
portion of the cylindrical housing 4 together with the 
shock absorbent mat 3. Consequently, by means of the 
shrinking device (GD) as shown in FIG. 10, the catalyst 
substrate 2 with the shock absorbent mat 3 wrapped 
around it can be inserted smoothly into the cylindrical 
housing 4, and a body portion of the cylindrical housing 
4 covering at least the shock absorbent mat 3 can be 
compressed so that the pressure exerted on the catalyst 



substrate 2 by the pressure restoring force of the shock 
absorbent mat 3 will be within the predetermined pres- 
sure range, to hold the catalyst substrate 2. Therefore, 
the processes from the measurement process to the siz- 

5 ing process can be performed consecutively by the sin- 
gle device, to reduce the manufacturing time largely. If 
the pressure sensing element (SS) is inexpensive and 
does not affect the function of the catalytic converter, it 
may be left in the cylindrical housing 4 as it is, without 

io being removed from it after the sizing process. 

[0085] Furthermore, on an end surface of the catalyst 
substrate 2 as indicated by broken lines in FIG.2, may 
be attached an IC tag (TG) to provide various producing 
systems. The IC tag (TG) is a tag member with a known 

*5 identification tag made of a writable and readable IC tip 
and a transmittable small antenna embedded therein. 
Usually, the IC tag (TG) is adapted to receive a wave 
from a writer or reader and convert it into electric power 
for energizing a CPU, and emit a wave for exchanging 

20 data. Any type of the IC tag on the market may be used, 
as far as the data can be exchanged through it without 
any holding electric power, while it may be of several 
millimeters square shape and thickness, preferably. Al- 
ternatively, it may be of other types such as IC card, as 

25 far as it functions as the memory and communication 
means. Any propagated distance of wave may be set to 
provide a close type, near-by type, neighborhood type, 
remote type and the like, or may be used a contact type 
without exchanging data through wave. All of those are 

30 named herein as the IC tag. 

[0086] As a first producing system, at the outset, a 
product number, substrate information and manufactur- 
er's identification of the catalyst substrate 2 are written 
in advance on a non volatile memory of the IC tag (TG). 

35 Next, the shock absorbent mat 3 is wrapped around the 
catalyst substrate 2, and the aforementioned measure- 
ment is performed. The measured data including the tar- 
get radius (Rt) for producing the most appropriate pres- 
sure or the like, and the measurer's identification are 

*o written further on the IC tag (TG). Then, in the sizing 
process, the sizing is made in accordance with the in- 
formation of ID and working conditions written on the IC 
tag (TG). After the requisite working was achieved, the 
. IC tag (TG) is removed from the catalyst substrate 2, 

^5 and the finished. product (catalytic converter) is deliv- 
ered. In this case, even if a company for manufacturing 
the catalyst substrate 2 and fixing the IC tag (TG) on it, 
a company for wrapping the shock absorbent mat 3 
around the catalyst substrate 2 and performing the 

50 measurement to write further on the IC tag (TG), and a 
company for performing the sizing process on the basis 
of the information stored in the IC tag (TG) are different 
from one another, the product can be formed certainly 
into the one with the target radius (Rt). These ex- 

55 changed information may be made automatically ex- 
changeable through internet or the like among those 
companies any time when required, whereby a series 
of processes of determining the progress, preparing for 
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each process, and even for a physical distribution man- 
agement can be performed smoothly. 
[0087] Alternatively, as a second producing system, 
at the outset, the shock absorbent mat 3 is wrapped 
around the catalyst substrate 2, and the aforementioned 
measurement is performed. At this time, the product 
number, substrate information, manufacturer's identifi- 
cation of the catalyst substrate 2, the measured data in- 
cluding the target radius (Rt) for producing the most ap- 
propriate pressure or the like, and the measurer's iden- 
tification are written on the IC tag (TG). Next, in the siz- 
ing process, the sizing is made in accordance with the 
information written on the IC tag (TG). After the requisite 
working was achieved, the IC tag (TG) is removed from 
the catalyst substrate 2, and the finished product (cata- 
lytic converter) is delivered. That is, the product is pro- 
duced by two companies of the one company for man- 
ufacturing the catalyst substrate 2, then wrapping the 
shock absorbent mat 3 around the catalyst substrate 2 
and performing the measurement, and then fixing the 
IC tag (TG) on it, and the other one company for per- 
forming the sizing process on the basis of the informa- 
tion stored in the iC tag (TG). In this case, the product 
can be formed certainly into the one with the target ra- 
dius (Rt), as well. 

[0088] In the case where ail of the processes are 
achieved by a single company, if the IC tag (TG) is used 
as described above, it will be effective especially in the 
case where each process is required to be performed 
at places remote in distance or time. Furthermore, the 
finished product (catalytic converter) may be delivered, 
in a state with the IC tag (TG) fixed to the product, so 
that the IC tag (TG) will be burnt off when the catalytic 
converter is tested at a vehicle manufacturer. Thus, by 
using the IC tag (TG), not only the sizing process can 
be achieved appropriately on the basis of the measured 
result obtained in the preceding process, but also many 
other effects such as preventing the erroneous assem- 
bling, tracing the physical distribution, investigating 
problems on the processes and improving them, and so 
on can be expected. 

[0089] According to each embodiment as described 
above, the catalyst substrate 2 has a circular cross sec- 
tion, which is an example of many embodiments having 
various cross sections, including an elliptic cross sec- 
tion, oval cross section, and cross section with various 
radiuses of curvature combined, and non-circular cross 
sections such as polygonal cross section. The cross 
sectional shape of each cell is not limited to the honey- 
comb (hexagon), but any shape such as square may be 
employed. Although the number of the catalyst sub- 
strate 2 was one or two according to the embodiments 
as described above, more than two substrates may be 
aligned. Furthermore, the shrinking process may be ap- 
plied to every portion of the housing covering each cat- 
alyst substrate, or may be applied to the entire housing 
continuously. And, the process and apparatus as de- 
scribed above may be adapted to produce the finished 



products of not only the exhaust parts for automobiles, 
but also various fluid treatment devices including a re- 
former for use in a fuel cell system. 
[0090] The present invention is directed to a method 

5 of producing a container for holding a columnarmember 
in a cylindrical housing with a shock absorbent member 
wrapped around the columnar member. The method 
comprises the steps of (1 ) compressing at least a part 
of the absorbent member wrapped around the columnar 

10 member, by a pushing member in a radial direction to- 
ward the longitudinal axis, (2) measuring a pressure ap- 
plied to the absorbent member by the pushing member, 
(3) measuring a distance between the axis of the colum- 
nar member and an end of the pushing member con- 

15 tacting the absorbent member, when the measured 
pressure substantially equals a predetermined target 
pressure, to provide a target radius, (4) inserting the co- 
lumnar member and the absorbent member into the 
housing loosely, and (5) reducing a diameter of the 

20 housing along its longitudinal axis, with the absorbent 
member being compressed, to such an extent that the 
inner radius of the housing substantially equals the tar- 
get radius, to hold the columnar member and the ab- 
sorbent member compressed at the target pressure, in 

25 the housing. 



Claims 

30 1 . A method of producing a container for holding a co- 
lumnar member in a cylindrical housing with a shock 
absorbent member wrapped around the columnar 
member, comprising: 

35 compressing at least a part of the shock ab- 

sorbent member wrapped around the columnar 
member, by a pushing member in a radial di- 
rection toward a longitudinal axis of the colum- 
nar member; 

^0 measuring a pressure applied to the shock ab- 

sorbent member by the pushing member; 
measuring a distance between the axis of the 
columnar member and an end of the pushing 
member contacting the shock absorbent mem- 

45 ber, when the measured pressure substantially 

equals a predetermined target pressure, to pro- 
vide a target radius; 

inserting the columnar member with the shock 
absorbent member wrapped around the colum- 
so nar member, into the cylindrical housing loose- 

ly; and 

reducing a diameter of at least a part of the cy- 
lindrical housing with the shock absorbent 
member held therein along the longitudinal axis 
55 of the cylindrical housing, with the shock ab- 

sorbent member being compressed, to such an 
extent that the inner radius of the part of the 
cylindrical housing substantially equals the tar- 
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get radius, to hold the columnar member with 
the shock absorbent member wrapped around 
the columnar member and compressed at the 
target pressure, in the cylindrical housing. 

2. The method of claim 1 , wherein the target pressure 
is determined on the basis of a static coefficient of 
friction of the outer surface of the columnar mem- 
ber, and a static coefficient of friction of the inner 
surface of the cylindrical housing, and pushing force 
of the pushing member applied to the shock absorb- 
ent member. 

3. The method of claim 1 , wherein a plurality of push- 
ing members are placed around the periphery of the 
columnar member in parallel with the longitudinal 
axis thereof, and wherein at least one of the pushing 
members compresses the shock absorbent mem- 
ber wrapped around the columnar member in the 
radial direction toward the longitudinal axis of the 
columnar member, to measure the pressure applied 
to the shock absorbent member. 

4. The method of claim 3, wherein the plurality of push- 
ing members comprise a plurality of elongated 
members, each having a length corresponding to 
the part of the cylindrical housing with the shock ab- 
sorbent member held therein, and wherein the plu- 
rality of elongated members are placed in parallel 
with one another around the periphery of the shock 
absorbent member wrapped around the columnar 
member 

5. The method of claim 4, wherein the columnar mem- 
ber wrapped with the shock absorbent member in 
an intermediate state thereof between the com- 
pressed state by the pushing member and the orig- 
inal state released from the pushing force applied 
by the pushing member, is inserted into the cylindri- 
cal housing. 

6. The method of claim 4, wherein the plurality of elon- 
gated members placed in parallel with one another 
around the periphery of the shock absorbent mem- 
ber reduces the diameter of the cylindrical housing 
with the shock absorbent member held therein, with 
the shock absorbent member being compressed, to 
the extent that the inner radius of at least the part 
of the cylindrical housing substantially equals the 
target radius. 

7. The method of claim 1 , wherein a predetermined 
amount of correction is provided on the basis of at 
least one of a change in diameter and a change in 
thickness of the cylindrical housing when the diam- 
eter of the cylindrical housing is reduced, and 
wherein the reducing amount of the cylindrical 
housing is adjusted according to the amount of cor- 



rection, when the diameter of the cylindrical housing 
with the shock absorbent member held therein is 
reduced. 

5 8. The method of claim 7, wherein the amount of cor- 
rection is provided by measuring a limit radius of the 
cylindrical housing, when the shock absorbent 
member is compressed by the pushing member to 
such an extent that the inner radius of at least the 

10 part of the cylindrical housing is reduced to be less 
than the target radius and immediately before the 
columnar member will be fractured, and setting a 
predetermined distance less than a difference be- 
tween the limit radius and the target radius, as the 

*5 amo u nt of co rrectio n . 

9. The method of claim 1 , further comprising: 

determining an inner diameter of a final target 

20 shape provided for at least an end portion of 

the cylindrical housing, on the basis of the 
measured distance between the axis of the co- 
lumnar member and the end of the pushing 
member contacting the shock absorbent mem- 

25 ber, when the measured pressure substantially 

equals the predetermined target pressure; 
enlarging the inner diameter of the end portion 
to form an enlarged diameter portion with a pre- 
determined maximum inner diameter; 

30 providing a plurality of target working portions 

having a central axis with a relationship with 
one of oblique to, offset from, and skewed from 
the central axis of a body potion of the cylindri- 
cal housing, and extending to an outer periph- 

35 eral surface of the enlarged diameter portion; 

providing a plurality of working target axes on 
the basis of the plurality of target working por- 
tions; 

holding the cylindrical housing to place the cen- 
*o tral axis of the enlarged diameter portion sub- 

stantially on the same axis as one of the plural- 
ity of working target axes; and 
spinning at least the enlarged diameter portion, 
with the central axis of the enlarged diameter 
*s portion placed on each of the plurality of work- 

ing target axes, to reduce a diameter of the en- 
larged diameter portion at each of the plurality 
of working target axes, and form a necking por- 
tion of the final target shape. 

so 

10. The method of claim 9, wherein the necking portion 
is formed by spinning the body portion from at least 
an end portion thereof including a predetermined 
area thereof to an open end of the cylindrical hous- 

55 ing, along the working target axis with a relationship 
with one of oblique to, offset from, and skewed from 
the central axis of the body potion. 
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11. The method of claim 9, wherein the predetermined 
maximum inner diameter is determined by a dis- 
tance between the central axis of the body portion 
and the inner surface of the end potion with the final 
target shape thereof extending outward of a virtually s 
extending surface from the outer peripheral surface 

of the body potion. 

12. An apparatus of producing a container for holding 

a columnar member in a cylindrical housing with a 10 
shock absorbent member wrapped around the co- 
lumnar member, comprising: 

compression means having a plurality of elon- 
gated pushing members, each having a length *5 
corresponding to at least a part of the cylindrical 
housing with the shock absorbent member held 
therein, and being placed in parallel with one 
another around the periphery of the shock ab- 
sorbent member wrapped around the columnar 20 
member, and compressing at least the part of 
the shock absorbent member wrapped around 
the columnar member by the pushing mem- 
bers in a radial direction toward a longitudinal 
axis of the columnar member; 25 
measurement means for measuring a pressure 
applied to the shock absorbent member by the 
pushing members, and measuring a distance 
between the axis the columnar member and an 
end of at least one of the pushing members 30 
contacting the shock absorbent member, when 
the measured pressure substantially equals a 
predetermined target pressure, to provide a tar- 
get radius; and 

control means for inserting the columnar mem- 35 
ber with the shock absorbent member wrapped 
around the columnar member into the cylindri- 
cal housing loosely, and driving the compres- 
sion means to reduce a diameter of at least the 
part of the cylindrical housing with the shock *o 
absorbent member held therein along the lon- 
gitudinal axis of the cylindrical housing, by the 
pushing members, to such an extent that the 
inner radius of the part of the cylindrical housing 
substantially equals the target radius, to hold 
the columnar member with the shock absorbent 
member wrapped around the columnar mem- 
ber and compressed at the target pressure in 
the cylindrical housing. 

50 

13. The apparatus of claim 12, wherein the control 
means is adapted to provide a predetermined 
amount of correction on the basis of at least one of 
a change in diameter and a change in thickness of 

the cylindrical housing when reducing the diameter 55 
of the cylindrical housing, and adjust the reducing 
amount of the cylindrical housing according to the 
amount of correction, when reducing the diameter 



of the cylindrical housing with the shock absorbent 
member held therein. 

14. The apparatus of claim 13, wherein the measure- 
ment means is adapted to provide the amount of 
correction by measuring a limit radius of the cylin- 
drical housing, when compressing the shock ab- 
sorbent member by the pushing members to such 
an extent that the inner radius of at least the part of 
the cylindrical housing is reduced to be less than 
the target radius and immediately before the colum- 
nar member will be fractured, and setting a prede- 
termined distance less than a difference between 
the limit radius and the target radius, as the amount 
of correction. 
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